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ACUTE AND SUBACUTE NECROTIC MYELITIS. 


BY J. G. GREENFIELD and J. W. ALDREN TURNER 
(From the National Hospital, Queen Square.) 


INTRODUCTION ad 
ILLUSTRATIVE CASES ... 


CLINICAL FEATURES :— 

(a) Acute necrotic myelitis 

(6) Subacute necrotic myelitis 
DIFFERENTIAL DIAGNOSIS Pres 
DISCUSSION OF THE PATHOLOGICAL CHANGES 


SUMMARY 


I.— INTRODUCTION. 


In 1926 Foix and Alajouanine published under the designation of 
“Subacute Necrotic Myelitis” the report of two cases characterized 
clinically by (1) amyotrophic paraplegia which ran a progressive course 
and passed from an early spastic condition to flaccidity with loss of tendon 
reflexes ; (2) sensory loss coming on later than the paresis, at first dissociated 
but eventually becoming complete ; (3) great excess of protein with no 
corresponding increase in the cell count in the cerebrospinal fluid ; and 
(4+) a subacute course leading to death in one or two years from the onset. 
Pathologically the lower segments of the spinal cord had undergone 
necrotic degeneratior. which affected the grey matter more than the white 
columns. The lumbo-sacral segments were most affected, and the degenera- 
tion became progressively less on passing upwards through the thoracic 
segments. This degeneration was accompanied by extreme “ mesoendo- 
vascularitis ” which did not, however, lead to obliteration of the lumen of 
the vessels. The hypertrophy of the vessels, which affected both those 
inside and outside the cord, did not resemble that of syphilis. They con- 
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sidered that the vascular disease, although more extensive than the myelitis 
was not primary but rather was part of a toxi-infective disease of the spinal 


cord. 

Since this report a case of very similar type has been published by 
Minea (1932). This was complicated by the sudden onset of blindness five 
years before the paraplegia set in. 

Lhermitte, Fribourg-Blanc and Kyriaco (1931) recorded under the title 
“ La gliose angeio-hypertrophique de la moelle épiniére ” a case of gradually 
progressive paraplegia which remained spastic till death and at no time 
showed localized muscular wasting. Van Bogaert, Ley and Brandes (1930) 
recorded under the original title a case of paraplegia which cleared up 
after an acute onset, and in which death some months later was due to 
cerebral complications. This case has so few points of resemblance to the 
original description either on the clinical or the pathological side that no 
useful purpose is attained by discussing it. 

More acute cases, which otherwise bear some resemblance to those of 
Foix and Alajouanine have been published under the titles of “ acute ” or 
“subacute necrotic myelitis” by Marinesco and Draganesco (1932), van 
‘Gehuchten (1937) and Juba (1938). In none of these cases were the 
vascular changes so striking as in those of Foix and Alajouanine and the 
authors for the most part consider them as either secondary to, or as an 
accompaniment of, the disease of the parenchyma. Nor is it clear that 
these acute cases fall into a single group either from a clinical or a patho- 
logical point of view. 

It seems worth while therefore to record three cases, two of which 
correspond very closely to those of Foix and Alajouanine both in their 
clinical and pathological characters, while the third, though much more 
acute, had sufficient clinical and pathological similarity to justify its inclu- 
sion in the same group of diseases. A survey of these cases may throw 
some light on the pathogenesis of the condition which appears to us to be 
a special and very uncommon form of disease of the spinal cord. 


II.—ILLustrative CAsEs. 


Acute Necrotic Myelitis. 


Case 1.—E.F., female, aged 37, was admitted under the care of Dr, Gordon 
Holmes on November 8, 1938. 

Previous history: Five years before admission she had had pain in the right 
buttock which radiated down the back of the leg to the ankle; this occurred in 
attacks lasting two weeks at a time. The pain ceased after tonsillectomy. ; 

For some years she had had intermittent painless swelling of the knuckles. 
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Family history: One sister had died of malignant endocarditis and one of 
pulmonary tuberculosis. 

Present illness: Four weeks before admission she noticed that her right leg felt 
dead up to the knee. There was also considerable weakness of this leg, so that 
when she went upstairs she had to lift it with her hands. There was no pain at 
first, but in the course of a few days she began to have a burning pain in the right 
shin, heel and toes: this came and went suddenly without obvious cause. The 
weakness and numbness of the right leg rapidly became worse so as to confine her 
to bed. 

Two weeks before admission dribbling incontinence of urine began, progressing 
to complete retention within a week. There was also complete lack of sensation 
of the passage of a catheter and of faces. 

Four days before admission she first noticed that the left leg was weak, and 
this weakness rapidly became worse so that in the course of three days the leg 
became powerless. She also had girdle sensations round the upper abdomen in the 
four days before admission. 

On examination she was flushed and looked ill. The temperature was 100°5° F. 
The cranial nerves and arms were normal. The intercostals and upper abdominal 
muscles were contracting normally but there was marked weakness of the lower 
abdominal muscles. Both legs were completely flaccid and no voluntary power 
was present in them. There was no localized wasting. The arm-jerks were normal ; 
the knee-jerks and the right ankle-jerk were absent, but the. left ankle-jerk was 
present. The abdominal reflexes and the plantar responses were unobtainable. 

There was absolute loss of cutaneous sensation below the 10th thoracic 
dermatome with hyperalgesia for two segments above this. Vibration and position 
sense was absent in the legs and there was no tenderness of the calf muscles. No 
deformity or tenderness of the spine could be found on examination. The urine 
showed an infection by B. coli. 

Lumbar puncture showed an initial pressure of 110 mm. with a rise to 210 mm. 
on bilateral jugular compression. ~The rise was rather slow and jerky but the fall 
to 110 mm. on release was normal. The cerebrospinal fluid was yellow and clotted 
completely on standing. It contained 18 cells per c.mm., of which 80 per cent. 
were polymorphs and 20 per cent. lymphocytes, and 500 mgm. of protein with 
marked increase in globulin. The Lange curve was 0001111221, the Wassermann 
reaction negative in blood and cerebrospinal fluid. 

X-rays of the spine showed no abnormality. 

During the next four days the upper abdominal muscles and the lower five 
intercostals became paralysed and the left ankle-jerk disappeared. 

The level of cutaneous sensory loss rose so that there was marked but not com- 
plete impairment to all forms from the 8th to the 10th thoracic dermatomes 
with complete loss below this. There was marked hyperalgesia for about two 
dermatomes above the 7th thoracic. ‘ 

In view of the progressive nature of the disease and the possibility of an epidural 
abscess, a lamiinectomy was performed by Mr. Harvey Jackson. No abscess or 
tumour was found and the arachnoid and spinal cord appeared normal. 

The patient died a few days after operation with a severe urinary infection and 
marked toxzmia. 

A post-mortem examination was made within twenty-four hours of death. The 
organs of the body cavity appeared to be normal with the exception of the bladder 
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and kidneys. The inner surface of the wall of the bladder was grey and gangrenous 
throughout and the pelves of the kidneys had a similar appearance. There was also 
evidence of previous nephritis in the form of adhesions and thickening of the capsule 


in the glomeruli. 
The brain showed no macroscopical abnormality. 


> 


Fics. | and 2 (Case /).—Sections from 11th thoracic and 3rd lumbar segments 
showing irregular areas of degeneration in the white columns. Loyez myelin 


stain. 


The spinal canal was normal. In the spinal cord there was an area of greyish 
congestion and softening of the ventral part in the lower thoracic region, beginning 
in the lower part of the 8th thoracic segment and extending over about three 
segments. The posterior surface of the cord at.this level appeared normal. The 
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upper lumbar segments appeared relatively healthy but further softening had taken 
place in the 4th lumbar segment and extended from this downwards into the sacral 
segments. 

Histological examination showed no evidence of disease in the brain, cerebellum 
or brain-stem except slight lymphocytic infiltration of a vein on the ventral surface 
of the pons. The upper cervical segments were also normal. In the 8th cervical 
segment a few of the small intra-medullary vessels had rather thickened walls, and 
one nerve cell in the anterior horns was swollen and chromatolytic with an eccentric 
nucleus. No abnormality was seen on descending through the thoracic segments 
until the 7th segment was reached. From this level downwards patches of degenera- 
tion were present in the white columns (figs. 1 and 2). These varied in appearance 
and could be divided fairly sharply into three types. The first, which is here 
called lacunar degeneration, consisted of the formation of fairly large lacunz which 
appeared to arise from distension of the myelin sheaths. Many contained a greatly 
swollen axis cylinder and in a few the pyknotic nucleus and small irregular cell 
body of a myeloclast could be seen. Areas of this kind showed no evidence of 
cellular increase. They resembled the lacunar areas seen in the lateral columns 
of the cord in cases of extrathecal carcinoma, but were larger, tending to spread 
round the margin of the cord. In the second type, which was probably a later 
stage of the same process, the tissues were heavily infiltrated with microglial cells, 
most of which were swollen with lipoid in various stages of katabolism. In these 
areas there was always a tendency for collagen fibres to spread out from the walls 
of the vessels, and in some there was a considerable fibrosis of this kind. This type 
or stage of degeneration is here called mesodermal reaction to distinguish it from 
the third stage which is that of frank necrosis of all the tissues. In necrotic areas 
very few nuclei were visible, and these were degenerated or pyknotic. They appeared 
to belong chiefly to microglial cells, but a few had the multilobar appearance of 
polymorphonuclear leucocytes. The vessels in these areas were also degenerated 
with no nuclei in their walls. A few swollen axis cylinders could be seen in these 
areas. It was noted that an area of necrosis was always associated with a zone of 
less intense degeneration above, below, and round it. The three types of degenera- 
tion appeared therefore to represent different stages in the necrotic process. The 
lacunar type probably represented the earliest stage which might progress either 
to the type with mesenchymal reaction, or to frank necrosis according to the 
intensity of the process. It was difficult to be certain whether the mesenchymal 
type of degeneration could progress to the necrotic type, owing to the difficulty of 
distinguishing the different kinds of tissue in a necrotic area. There seemed, how- 
ever, no doubt that lacunar degeneration might pass directly into necrosis without 
going through the stage of mesenchymal reaction. 

In the 7th thoracic segment, areas of lacunar degeneration with early mesodermal 
reaction were present in both lateral columns and were continuous with fairly large 
areas of necrosis in these columns in the 8th and 9th segments. 

In the 10th thoracic segment the degeneration was less intense being chiefly of 
lacunar type with a narrow zone of mesenchymal reaction on the surface of the 
ventral columns. In the 11th thoracic segment a patch of necrosis appeared in the 
region of the left pyramidal tract. It was surrounded by a zone of mesodermal 
reaction which swung round the surface of the antero-lateral columns. In this 
segment a small area of vacuolar degeneration appeared in the left dorsal column, 
which above this level had only shown the early stages of Wallerian degeneration 
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in the column of Goll. In the 12th thoracic segment and in the upper three lumbar 
segments the degeneration was chiefly of lacunar type with early mesodermal 
reaction. On passing downwards through these segments the patches of degenera- 
tion tended to leave the antero-lateral columns and to appear more in the dorsal 
columns. In the 4th lumbar segment the dorsal columns were the seat of frankly 
necrotic degeneration which in the 5th lumbar segment spread round the dorsal 
horns to the margins of the antero-lateral columns. The sacral segments were very 
slightly affected. 

The grey horns showed some degeneration chiefly of lacunar type and in the 
lower lumbar segments were invaded by areas of mesodermal reaction with complete 
disappearance of myelinated fibres. Only in a few places did this lesion pass deeply 


Fic. 3 (Case /).—Ventral horn of 2nd lumbar segment. One healthy nerve 
cell is seen and one undergoing neuronophagy. The rest are in extreme chromato- 
lysis. Thionin blue. 


into the grey matter, for example the ventral horn on one side in the 5th lumbar 
segment was almost entirely involved in degeneration of this type. More often 
the margins of the horns were degenerated, so that the grey matter was — 
separated by a zone of mesodermal reaction from the necrotic white columns. 
Changes in the nerve cells.—Throughout the affected segments the nerve cells of 
the ventral and dorsal horns, including those of Clarke’s column, were greatly 
swollen and devoid of Nissl granules. Their appearance was’that of a very severe 
axonal reaction and could be largely accounted for by degeneration of the white 
matter through which their axones passed. In the third lumbar segment the ventral 
columns on one side were normal while the majority of the neurones of the corres- 
ponding ventral horn were chromatolytic, but this could be accounted for by severe 
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degeneration, due to vascular occlusion, in the ventral root. In the 4th and 5th 
lumbar segments the nerve cells were less universally affected and in the sacral 
segments almost all were normal. In the most affected segments a few of the nerve 
cells had undergone neuronophagy and were replaced by a ring of microglial nuclei 
(fig. 3). This fact, and the extreme swelling of all the neurones in these segments 
suggested that ischemia of the tissues played some part in this process. 

Vascular changes.—Associated with these degenerative changes in the 
parenchyma of the cord there were very definite alterations in the pial vessels. 
These began to be evident in the lower half of the thoracic level and here were 
confined to the small dorsolateral vessels, many of which were obliterated or had 
their lumen greatly reduced by hyaline thickening of their walls (fig. 4). Weigert’s 
stain showed a fine layer of elastin usually internal to the zone of hyaline thickening 
but in a few cases external to it. These vessels therefore appeared to be fine arteries. 
Most of the larger arteries appeared normal, except for reduplication of their elastic 


Fic. + (Case /).—11th thoracic segment. Small meningeal vessel almost obliterated 
by hyaline thickening. Iron hematoxylin, van Gieson. 


lamina. The large radicular veins were healthy except for varying degrees of 
lymphocytic infiltration in and around their walls. The vessels inside the cord were 
less affected, but many, especially in the lumbar segments, were thickened or 
almost obliterated with connective tissue and their number appeared to be increased. 
In the lumbar segments also the small vessels in the ventral roots were similarly 
or more severely affected, many being completely obliterated. Here both arteries 
and veins appeared to be involved. The myelinated fibres of these roots were 
severely degenerated. A large anterior spinal vein at the level of the third lumbar 
segment showed considerable hyaline thickening of its intima, but its lumen was 
not noticeably reduced. Apart from this the larger vessels appeared intact. 


SUMMARY OF PATHOLOGICAL FINDINGS IN CASE I. 


Degeneration of the white columns of the spinal cord of a patchy 
character was found from the 7th thoracic segment downwards to the 
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lower segments of the lumbar cord. It varied in degree from lacunar 
degeneration to frank necrosis. In the lower thoracic segments it tended 
to affect the anterolateral columns more than the dorsal columns whereas 
in the lumbar segments this order was reversed. This degeneration was 
associated with hyaline thickening of the small arteries and veins on the 
surface of the cord and as they entered it. The relationship between 
necrosis and sclerosis of the small vessels appeared very intimate since the 
meninges overlying areas of necrosis usually contained one or more small 
vessels with their lumen obliterated or greatly reduced. Degeneration of 
the roots also was associated with similar sclerosis of their small vessels. 
This sclerosis, which might involve the intima but more often the media, 
appeared to affect small arteries more than veins, though in some no elastic 
lamina could be made out. The larger parent vessels appeared normal 
except for occasional reduplication of the elastic lamina in the arteries and 
for perivascular infiltration of the veins, both outside and inside the cord. 
An occasional medium or larger sized vessel showed early hyaline thicken- 
ing of its inner coat. The infiltration varied in intensity from one segment 
to another, and may have been due, in part at least, to the laminectomy. 
Throughout the affected segments the nerve cells showed intense chromato- 
lytic swelling with occasional neuronophagy. 


Subacute Necrotic M yelitis. 


Case 2.—G.C., male, aged 55, a bailiff, was admitted under the care of Dr. 
Kinnier Wilson on February 11, 1937. 

Previous history: At the age of 21 he had gonorrhoea, and when 43 he suddenly 
developed auricular fibrillation after running in a race ; this persisted but had been 
controlled with digitalis. Since the age of 43 he had had several attacks of acute 
gout, and there was a strong history of gout in his family. 

Present illness: Seven months before admission, he had felt numbness on the 
front of the left thigh, which in the course of two to three weeks spread to the calf, 
the outer side of the leg and the sole of the foot. At first the numbness was inter- 
mittent but soon it became continuous. A month late numbness appeared in the 
right leg in the same distribution and at the same time he began to have difficulty 
in walking, having to force his legs along the ground, and he also had some 
involuntary jumping of his legs at night. 

Four and a half months before admission he was confined to bed with an attack 
of acute gout, and when he was able to get up he found that his legs were much 
weaker than before and that he could not walk more than 200 yards at a stretch. 
Within the next week he developed difficulty in starting micturition, and the stream 
became less forcible ; also he had trouble with defzcation, having to strain to 
pass a motion. This was followed by numbness of the tip of the penis and within 
the next few weeks by numbness of the back of the thighs and of the buttocks. 
There was no pain at any time. 

On examination he was a healthy-looking, rather obese man. There was a gouty 
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tophus in the left ear and thickening of the left olecranon bursa, also swelling of the 
tarso- metatarsal joints of both great toes. The heart was not enlarged clinically. 
The pulse was 80 per minute with auricular fibrillation, blood-pressure 150/100. 
The peripheral arteries were not abnormally thickened. There was slight oedema 


of the ankles. 
Neurological examination.—No abnormality was found in the cranial nerves 


or arms. 
Motor system: There was slight wasting of the quadriceps groups on both sides 
relatively to the rest of the legs. No fibrillation was observed. Tone was increased 
in the legs, Power was moderately diminished in both legs, the right being rather 
weaker than the left. Flexion of the right hip was relatively the weakest movement. 
Reflexes: The arm-jerks were normal. The upper abdominal reflexes were 


weak, the lower absent. The knee and ankle-jerks were much increased and the 


plantars extensor. 
Sensation: There was hypalgesia up to the 9th thoracic dermatome on both 


sides, the impairment being most marked from the 4th lumbar to the Ist sacral. 
There was slight impairment to light touch in both legs below the knees. Vibra- 
tion was not felt on the knees or ankles, and was just felt on the iliac crests. 
Position sense was much impaired in the feet. 

The gait was moderately spastic with some ataxia but walking without support 


was possible. 
Investigations—Lumbar puncture: The initial pressure was 210 mm. with a 


normal rise on jugular compression. 
The cerebrospinal fluid was clear and colourless. It contained | cell per c.mm. 
and 100 mgm. per cent. of protein. It gave a very weakly positive Pandy reaction, 
and a negative Lange reaction. 
The Wassermann reaction was negative in blood and cerebrospinal fluid. 
The test meal showed normal free acid. The blood count was normal. 


blood uric acid was 4-7 mgm. per cent. 
X-ray examination of the spine showed moderate osteo-arthritis, but no other 


The 


abnormality. 
Cisternal puncture was done and the cerebrospinal fluid contained 45 mgm. per 


cent. of protein. Lipiodol was injected and descended without any evidence of 


block. 
During the next six weeks his legs became weaker so that he was unable to 


walk, and on examination it was found that the sensory level had risen to the 
7th thoracic level and that light touches with cotton-wool were not felt below this 
level ; there was also impairment to pin-prick. 

A laminectomy was decided on and on April 13, 1937, Mr. Julian Taylor operated. 
The laminz from D.4 to 7 were removed, there was no sign of extra- or intra- 
medullary tumour, but an unusually tortuous vessel was seen on the dorsal surface 
of the cord. There was a free flow of cerebrospinal fluid on jugular compression. 

The patient died five days after operation. 

A post-mortem examination was made twenty-four hours after death. The brain 
was macroscopically normal. The arteries at the base were healthy with the excep- 
tion of slight atheroma of the internal carotid arteries at their passage through the 
dura matter. There was no evidence of narrowing of the spinal canal. The spinal 
cord as a whole looked small considering the patient’s build and was of rather 
varying consistency in the lower thoracic and upper lumbar segments. 





236 J. G. GREENFIELD AND J. W. ALDREN TURNER 


Examination of the chest showed no abnormality in the lungs except slight 
superficial collapse. The pericardium contained an ounce of yellow serous fluid. 
The epicardial surface of the heart was covered by a greyish irregular membrane 
which suggested a non-adhesive pericarditis of old standing. The heart was large 
and fatty with dilated chambers and valvular orifices, but with no valvular disease. 
Irregular patches of atheroma with one or two small areas of calcification wera 
present on the coronary arteries, the aorta was dotted with yellowish plaques from 
the aortic valves upwards and there was severe atheromatous ulceration in its lower 
abdominal portion. The liver was large and appeared normal ; the gall-bladder 
contained several small pigmented calculi and pale bile. The kidneys were large 
with foetal lobulation and arteries which gaped more than normal. Their capsule 
was adherent to the surrounding tissues but stripped easily from the kidneys. The 
other organs of the body appeared healthy. 


Fic. 5 (Case 2).—Anterior spinal artery and vein from the 3rd lumbar segment. 
The vein is much thicker than the artery which, except for some adventitial thicken- 
ing, is normal. Iron haematoxylin, van Gieson. 


Histologically, some patchy epicardial lymphocytic infiltration was found in the 
heart, and an occasional small vessel showed some evidence of endothelial pro- 
liferation. Slight lymphocytic infiltration was also seen in the portal spaces of the 
liver and there was a slight degree of fatty infiltration. The kidneys showed no 
degenerative changes beyond those common ‘at this age, viz. sclerosis of a few 
glomeruli and slight interstitial sclerosis. In the brain the only noteworthy changes 
were calcification of some of the small vessels in the cornu Ammonis between the 
fascia dentata and Sommer’s sector. The only other abnormality was a slight 
variation in the thickness of the adventitial coat of the superficial veins which was 
no greater than is commonly seen. The brain-stem and cerebellum showed no 
other abnormality. 

Spinal Cord.—In the cervical and first three thoracic segments the only abnor- 
mality seen was degeneration of the column of Goll, associated with some fibrous 
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thickening of the veins in the postero-median septum. In the 4th thoracic segment 
the small vessels in the ventrolateral column appeared more prominent than normal 
owing to slight thickening of their walls. In the 5th, 6th and 7th thoracic segments 
the veins on the dorsal surface began to show irregular or eccentric thickening of 
their walls, and from the 8th thoracic segment downwards the large anterior spinal 
veins were greatly thickened in a concentric manner so that at first sight they 
appeared to be arteries; they were indeed considerably thicker than the accom- 
panying arteries which retained their normal appearance (fig. 5). Along with this 
thickening of the superficial veins there was also a fibrous thickening of the walls 
of the small intramedullary vessels which became progressively greater on passing 
downwards through the last five thoracic segments, and remained of the same 
intensity through the upper lumbar segments, especially in the ventral horns. It 
diminished in the lowest lumbar and disappeared in the sacral segments. In the 


Fic. 6 (Case 2).—Section of 11th thoracic segment showing irregular and 
incomplete degeneration of the grey and white matter. Weigert-Pal method. 


lower lumbar segments small perivascular haemorrhages were seen here and there 
in the ventral horns. In and beside them were a few lymphocytes and mononuclear 
cells containing blood pigment. 

No definite primary focus of degeneration of the parenchyma of the cord could 
be made out in the upper ten thoracic segments. Lacunar degeneration was first 
seen in the IIth thoracic segment on the right margin of the dorsomedian septum 
near the surface of the cord and on the surface of the left lateral column (fig. 6). 
In the latter situation it had progressed to central necrosis and was associated with 
great thickening of the small vessels in the white matter, some of which formed 
small glomerular masses. In the 12th thoracic segment small isolated areas of 
necrosis surrounded by a narrow zone of fenestration were present in both lateral 
columns. In the Ist lumbar segment several areas of lacunar degeneration, some 
of which had progressed to central necrosis were present in the dorsal columns. 
In the 2nd to 5th lumbar segments very little primary degeneration was seen in 
the white columns, but scattered small areas of myelin destruction without any 
fenestration of the tissues were seen in the ventral horns and the bases of the dorsal 
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horns. There was, however, little evidence of degeneration of the nerve cells except 
for chromatolysis in isolated cells in the ventral horns. Most of the cells of Clarke’s 
column in the last two thoracic and first lumbar segments also showed chromatolytic 
changes which could be accounted for by the degeneration of the lateral columns at 
these levels. 

Case 3.—J.G., male, aged 61, a shopkeeper, was admitted under the care of 
Dr. C, P. Symonds on January 24, 1938. His past history was uneventful. 

The present illness began nine months before admission with pain in the right 
calf and the back of the right knee and thigh. This pain was a continuous dull 
ache, worse when walking and relieved to some extent by resting. It gradually 
became worse and was severe enough to make him limp at times ; during a three 
weeks’ holiday it became less severe, only to increase on returning to work. Three 
months later pain appeared in the left leg behind the knee and in the calf but not 
in the thigh ; the character of the pain was the same as in the right leg. 

Six months later he noticed that the legs, especially the right, were becoming 
weaker, and because of the increasing pain and weakness he had to give up work. 

Two and a half months before admission difficulty in passing water developed 
and on one occasion there was retention which was overcome by local heat. The 
weakness of his legs rapidly became worse ; they began to feel stiff and he had 
frequent painful flexor spasms. He was confined to bed for a fortnight before he 
was admitted and had developed complete retention of urine, needing catheterization 
for a week. 

He admitted to some numbness of both feet during the preceding three months 
and to occasional numbness of the finger-tips during the previous fortnight. 

On examination he was in considerable pain and was having frequent painful 
flexor spasms. 

The heart was normal. Blood-pressure 190/100. The peripheral arteries were 
not abnormally thickened. 

Neurological examination.—The cranial nerves and arms were normal. 

Motor system: He had to be supported when sitting up. The legs were generally 
rather thin but there was no localized wasting and no fibrillation. Tone was slightly 
increased in both legs. Power was greatly reduced in all movements of both legs, 
the left leg being the weaker of the two. Peripheral movements were relatively 
more affected than proximal ones. 

Reflexes——The arm-jerks were normal, the upper abdominals weak ; the lower 
absent ; the knee and ankle jerks were absent ; the right plantar was extensor and 
the left was a doubtful extensor. 

Sensory system: No cutaneous sensory loss was found. Position sense was com- 
pletely absent in the feet. Vibration was much diminished on the iliac crests and 
patellz, and was more severely impaired though just present on the malleoli. The 
calf muscles were very tender. 

Investigations—Lumbar puncture: The initial pressure was 130 mm. with a 
free rise on jugular compression. The cerebrospinal fluid contained 3 cells per c.mm. 
and 70 mg. per cent. of protein. There was no excess of globulin and no change 
in the Lange reaction. The Wassermann reaction was negative in blood and cerebro- 
spinal fluid. 

Urine: B. coli infection. 

Blood count: Red blood cells, 4,580,000 ; hemoglobin, 82 per cent.; white blood 


cells, 10,800. 
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Test meal: Normal free acid. 
In the course of the next two or three weeks the weakness of the legs increased, 


they became flaccid and the plantar responses were unobtainable. Pain and tender- 
ness of the legs remained a prominent symptom. 

A fortnight after admission he vomited half a pint of blood and his hemo- 
globin was reduced to 42 per cent. 

Later he developed a severe urinary infection and became uremic. His confused 
mental condition (apparently due to uremia) made sensory testing difficult, but no 
definite sensory loss was found till about two months after admission, when he had 
complete analgesia and anzsthesia below the middle of both thighs with some 
impairment to pin-prick above this up to the 10th thoracic level. 

Sense of position and of vibration were completely absent in the legs. There was 
progressive generalized wasting of the legs but no localized wasting ; the knee and 
ankle jerks remained absent and the plantars unobtainable. 

Electrical reactions showed partial R.D. in all muscles of both legs, more marked 
below the knees. 

A lumbar puncture on April 12, 1938, gave an initial pressure of 30 mm. with 
free rise on jugular compression. 

The cerebrospinal fluid was very faintly straw-coloured. It contained no cells 
and 100 mgm. per cent. of protein. 

He died on April 12, twelve months after the onset of symptoms. 

A post-mortem examination was made one hour after death. The body was 
that of a wasted elderly man with necrotic sacral decubitus. The legs were especially 
wasted, 

The brain showed no external abnormality except dilatation of the basilar artery 
and patches of atheroma on the branches of the middle cerebral arteries. 

In the spinal cord the dorsal roots of the lumbo-sacral enlargement looked rather 
grey ; the ventral roots appeared to be normal. Apart from this the cord looked 
normal macroscopically. 

In the heart a mass of tough clot was found in the right auricle and ventricle 
and was found to be continuous with clot in the inferior vena cava and the left 
renal vein in which it was very adherent, brown and friable. Apart from this 
the heart was normal. The aorta showed slight atheroma in its thoracic part which 
became progressively greater on passing down the abdominal portion. The pelves 
of the kidneys were distended with purulent urine, but only one or two small early 
abscesses could be seen in the substance of the kidneys. The bladder wall was 
inflamed. In the first part of the duodenum just beyond the pylorus there was a 
small peptic ulcer. The other organs were healthy. 

Histologically, the base of the duodenal ulcer contained several vessels with 
greatly thickened walls. These appeared to be both arteries and veins, and as the 
inflammation at the base of the ulcer reached almost down to them it may well 
have been the cause of the thickening of their walls. 

In the heart wall several small arteries showed irregular thickening of their walls. 
The anterior coronary artery was grossly thickened by atheroma with calcification 
and deposition of cholesterin crystals in the plaques. In the spleen there was also 
some thickening of the small Malpighian arteries. The kidneys showed consider- 
able thickening of the capsule, sclerosis of glomeruli and cellular fibrosis of a 


patchy character. 
There was little abnormality in the brain except slight thickening of the walls 
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Fic. 7 (Case 3).—Small vessels in the base of the dorsal horn of the 12th 
thoracic segment showing great hyaline thickening of their walls. They are sur- 
rounded by dense neuroglial overgrowth. Phosphotungstic acid hematoxylin. 


Fic. 8 (Case 3).—Part of ventral horn of the 4th lumbar segment showing 
thickening and tortuosity of the small vessels and lacunar degeneration of the 
tissues. A few normal nerve cells are seen. Iron hematoxylin, van Gieson. 
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of some of the small cortical vessels. This had not, however, caused any “ areas 
of paling.” The basal ganglia and brain-stem were normal. A small vein running 
round .the surface of the cerebellum had its wall irregularly thickened by hyaline 
fibrous tissue. 

Spinal cord.—Vascular changes: Throughout the cervical segments considerable 
connective tissue overgrowth was present in the veins of the posteromedian septum. 
In the first thoracic segment several dilated vessels were present within and just 
anterior to the tip of the dorsal horn on one side. In the 3rd to the 5th thoracic 
segments the small veins both on the ventral and dorsal surface were greatly 
thickened in a concentric manner with connective tissue. In some the lumen was 
only just patent. At the 6th thoracic level the vein in the posteromedian septum 
and a vein in one lateral column were almost occluded by thickening. At the 


otee) 


Fic. 9 (Case 3).—Anterior spinal artery and vein from the 4th lumbar seg- 
ment. The vein has greatly thickened walls, while the artery shows only adventitial 
thickening. Iron hematoxylin, van Gieson. 


8th and 9th thoracic levels a tangle of thick-walled veins was present on the dorsal 
surface of the cord and the vessels in the anterior horn on the same side were greatly 
dilated. 

Throughout the lower four thoracic and the first lumbar segments the intra- 
medullary vessels were greatly thickened and appeared to be much more numerous 
than normal, especially in the grey matter of the ventral and dorsal horns. A 
few were completely occluded (figs. 7 and 8). There was also concentric thickening 
of the veins on the ventral and dorsal surfaces of the cord. Those on the dorsal 
surface were especially thickened, and at the IIth and 12th thoracic levels one 
was occluded by fibrous thickening. In the other lumbar segments the intra- 
medullary vessels were less severely affected, although still very abnormal. The 
anterior spinal veins were thickened down to the conus terminalis, but their lumen 


was not reduced (fig. 9). 
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Parenchymatous degeneration.—_In the cervical and upper thoracic segments the 
only degeneration of the white columns of the cord was Wallerian degeneration in- 
volving most of the fibres in the column of Goll. Primary degeneration of a lacunar 
type appeared in the dorsal columns, in the 8th and 9th thoracic segments. In the 
10th and I Ith thoracic segments isolated rounded areas of myelin degeneration and 
fenestration of the tissues appeared in the antero-lateral columns, as well as the dorsal 


Fics. 10 and 11 (Case 3).—Section of 12th thoracic and 3rd lumbar segments 
showing irregular areas of degeneration in the grey and white matter. Weigert- 


Pal method. 


columns. In these segments the grey matter appeared intact. In the 12th thoracic 
and all the lumbar and sacral segments there were patches of myelin destruction in 
the ventral and dorsal horns which were also surrounded by a zone of lacunar 
degeneration of the white matter or by small areas devoid of nuclei and suggesting 
early necrosis. The white matter towards the surface of the ventrolateral columns 
was less affected, except for small isolated foci of lacunar degeneration and for 
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Wallerian degeneration of the pyramidal tracts (figs. 10 and 11). The dorsal columns 
had lost a large proportion of their fibres throughout the lumbar segments. This 
appeared to be due partly to isolated rounded foci of primary degeneration and partly 
to degeneration of the dorsal roots, in some of which patches of degeneration were 
present. The nerve cells throughout the affected segments were remarkably healthy; 
a few showed a moderate degree of chromatolysis, but there was no neuronophagy 
or other definite evidence of disappearance of nerve cells. There was dense neuro- 
glial sclerosis in the affected regions of the cord. 


III.—Curicat FEATuREs. 


Clinically the cases of necrotic myelitis fall into two distinct groups, 
the acute group, represented by our first case and the cases of van Gehuchten 
and Juba; and a subacute group, represented by the original two cases 
of Foix and Alajouanine, by our second and third cases, by Minea’s case, 
and by the case of Lhermitte, Fribourg-Blanc and Kyriaco which is a more 
chronic example of this group. These cases will be considered as a basis 
for outlining the clinical characteristics of the disease. 


(a) Acute Necrotic Myelitis. 


This shows itself by a rapid destruction of function of the spinal cord 
in the lumbar and sacral segments, with, in our case, at least, a fairly rapid 
ascent of the signs to the lower dorsal segments. Owing to the rapidity of 
disturbance of function of the cord a flaccid paraplegia develops, and in 
none of the recorded cases has there been any sign of recovery from this. 

Detailed analysis of symptoms and signs—Age and sex: Two patients 
were women, aged 37 and 34, and the other was a man aged 47. 

Previous health: Four years before, during pregnancy, van Gehuchten’s 
patient had had a sudden onset of flaccid paraplegia which ascended in 
the course of a few days to involve the arms; this was accompanied by 
sensory changes, but apparently not by sphincter disturbance. The 
flaccidity slowly gave way to spasticity, and in the course of a few months 
the patient was well again. 

The other two patients had uneventful previous histories. 

Disturbance of motor function.—The time taken for the development 
of paraplegia has varied a little in the three recorded cases. In our 
patient the right leg in the course of two to three days became so weak 
that she had to lift it with her hands when she went upstairs, and it 
was not till nearly three weeks later that the left leg started to become weak. 
During the next week while under observation there was some ascent of 
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the paralysis, and the upper abdominal and lower intercostal muscles, which 
had previously been contracting normally, became paralysed. 

In Juba’s patient both legs became weak at about the same time, and 
the weakness progressed so rapidly during the next week that he was unable 
to stand: he was examined a few days after this and there was a compiete 
flaccid paraplegia with absent reflexes and absence of plantar responses. 

The onset of complete paralysis was more rapid still in the patient 
recorded by van Gehuchten, as flaccid paraplegia developed in the course 
of forty-eight hours. No ascent of the paralysis is mentioned by either of 
these authors. 

Sensory changes.—Subjective sensory symptoms have not been a 
prominent feature of the disease ; pain of a burning type in the right leg 
was complained of in the early part of our patient’s illness, but this was 
not severe and passed off after a few days. Juba’s patient also complained 
of sharp pains in both legs, which preceded the onset of weakness by about 
a fortnight. 

Objective evidence of sensory loss has been present early in all three 
cases ; our patient lost sensation in the right leg at about the same time as 
the motor symptoms started, and three weeks later when she was examined 
there was complete loss of all forms of sensation below the 10th thoracic 
segment on both sides, with a narrow band of hyperalgesia above this. 
During the next week, accompanying the ascent of paralysis, cutaneous 
sensation became impaired, though not completely lost, from the 8th to 
the 10th thoracic levels with hyperalgesia for two segments above this. 

In van Gehuchten’s case there was a band of hyperesthesia at about 
the level of the umbilicus with sensory loss to all forms below the 11th 
thoracic dermatome. Juba’s patient had sensory loss below the 12th 
thoracic segment, but apparently no hyperalgesia. No ascent of the sensory 
loss is described in these two cases. 

Sphincter disturbance.—This has been present as an early symptom in 
all the acute cases of the disease, and incontinence has always appeared 
within a fortnight of the onset of weakness. 

Cerebrospinal fluid——There have been marked changes in the fluid in 
all three cases, consisting of considerable increase in protein and cellular 
content. In our case the initial pressure was normal ; although, the rise on 
jugular compression was only to 210 mm. and was distinctly slow, the fall 
on jugular release was at a normal rate. The fluid was yellow and clotted 
spontaneously, the protein content being 500 mgm. per cent. and the cells 
18 per c.mm., of which 80 per cent. were polymorphs and 20 per cent. 
lymphocytes. 
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In both the other cases the protein content was high, in Juba’s the 
globulin reactions were strongly positive and in van Gehuchten’s the 
protein was 1,000 mgm. per cent. ; in the former there were 680 cells per 
c.mm. and in the latter case many lymphocytes were found. 


(b) Subacute Necrotic Myelitis. 


Clinical aspects—The clinical account of the subacute type of the 
disease has been derived from our second and third cases, from the original 
two cases of Foix and Alajouanine (1926), from Minea’s case and from the 
case of Lhermitte et alii. ; 

Subacute necrotic myelitis is a disease of gradual onset and slowly 
progressive course, usually without any remission, though in one case 
there was some recovery of power in the legs for two to three months. 
The presenting symptom is usually weakness of the legs, though this may 
be preceded by severe pain in the distribution of the sacral segments or by 
dyszsthesiz in the lumbar and sacral areas. 

Previous history and evidence of associated disease.—In both the cases 
of Foix and Alajouanine there was a history of albuminuria some years 
before, though no details of this are given ; while one of their patients who 
was a plumber had suffered from lead colic. 

In our second case there was a family history of gout and the man 
himself had had several attacks of acute gout in the eight years preceding 
his illness. He also had cardiovascular disease, causing auricular fibrilla- 
tion twelve years before, which was well controlled with digitalis. His 
blood-pressure was 150/100. 

Our third case had a blood-pressure of 190/100 on admission, though 
this fell Jater in his illness. Death was due to pulmonary embolism 
secondary to phlebitis of the left renal vein. 

In Lhermitte’s case the first symptoms followed an attack of phleboto- 
mous fever. 

No history or evidence of syphilis was present in any of the cases. All 
six have occurred in males, whose ages at the time of onset were 23, 27, 29, 
50, 55 and 61 years. 

Visual symptoms.—A point of special interest in Minea’s case was a 
rapid loss of vision, chiefly in the right eye, five years before the onset of 
paralysis. This was proved to have the same pathological basis as the 
spinal symptoms and therefore must be reckoned as an integral part of the 
clinical picture in this case. In the second case of Foix and Alajouanine 
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papillitis appeared late in the disease but no pathological changes were 
found in the optic nerves to account for this. 

Disturbance of motor function—The clinical picture will depend on 
the time after the onset at which the patient is first seen and on the rapidity 
with which the functions of the spinal cord are destroyed, this is well illus- 
trated by the five cases under consideration. At one end of the scale is 
Lhermitte’s case which showed a spastic paraplegia without localized 
wasting, while at the other end are our third case and Foix and 
Alajouanine’s second case, in both of which there was a flaccid paraplegia 
with absent tendon-jerks but with frequent flexor spasms. In both these 
cases flexor spasms soon stopped and a complete flaccid paralysis of the 
legs developed. The other cases showed intermediate pictures of the 
disease ; our second case had a spastic paraplegia with wasting of the thigh 
muscles, and in this case a flaccid stage never developed, but as he died 
after a laminectomy performed nine months after the onset of the illness, 
it is probable that the natural history of the disease was terminated 
prematurely. The French authors’ first case showed a somewhat similar 
picture but in the course of a few months the tendon-jerks disappeared, 
localized wasting of the thighs and buttocks became more marked, and 
voluntary power in the legs was completely lost. In Minea’s case at the 
time of examination there was complete flaccid paralysis, but the knee-jerks 
and the right ankle-jerk were preserved although greatly diminished. 
(Edema of the legs masked any wasting that might have been present. 

Sensory changes.—Pain has not been a marked feature except in our 
third case in which it was the presenting system and was persistent prac- 
tically till the death of the patient. 

The type of sensory impairment found in all the cases, except that of 
Lhermitte, has certain characteristic features. It occurs a considerable 
time after weakness is complained of ; in one of the original French cases 
there was an interval of seventeen months between the onset of weakness 
and the discovery of sensory impairment. When sensory changes first 
appear pin-prick and temperature appreciation are considerably more 
affected than appreciation of touch and the first places in which impair- 
ment is found are the lower lumbar and sacral segments. As the disease 
progresses there is a definite ascent of the sensory level on to the abdominal 
wall and appreciation of touch becomes more affected than it was at first ; 
even in the later stages, however, the impairment to pain and temperature 
is more marked and more extensive than it is for touch. Deep sensibility 
is severely affected, and this may occur before there is any impairment of 
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cutaneous sensibility. In one case, at least, there was considerable tender- 
ness of the calf muscles accompanying the loss of position sense. 

Lhermitte’s case was the only one which did not show any ascent of the 
sensory level whilst the patient was under observation. 

Sphincter disturbance.—Trouble with micturition has occurred early in 
the course of the disease, in no case later than six months from the first 
symptom, and usually consists of some difficulty in starting to pass water 
and, a month or so later, retention needing catheterization. 

Cerebrospinal fluid—The most constant change in the cerebrospinal 
fluid is increase in protein; in the original French cases a moderate 
lymphocytosis was found but the actual cell counts are not mentioned. 
In the first French case a lumbar puncture was done six months from the 
first symptom, and the cerebrospinal fluid was found to be quite normal: 
when this puncture was repeated eleven months later there was a marked 
increase of protein and a slight lymphocytosis, while four months later still 
the amount of protein was said to be massive and the lymphocytosis 
moderate. An interesting observation made by Foix and Alajouanine 
in this case is that a second puncture was done in the dorsal region 
apparently above the level of the lesion in the spinal cord and the 
cerebrospinal fluid from this site also contained a considerable amount 
of protein. Their second case showed changes in the cerebrospinal fluid 
at a considerably earlier stage as a puncture done two months from the 
onset gave a yellow fluid with a large amount of albumin and some increase 
of lymphocytes. The fluid of Lhermitte’s patient contained great excess 
of protein and 40 lymphocytes per c.mm. In Minea’s case the fluid was 
slightly yellow, contained 46 cells per c.mm. and gave a positive Nonne- 
Apelt reaction. 

In our cases the excess of protein although definite was not great ; in 
our second case a puncture was done seven months after dyszsthesiz were 
complained of in the legs, and the cerebrospinal fluid protein was 100 mgm. 
per cent. and there was | cell per c.mm.; a cisternal puncture gave 
cerebrospinal fluid with a protein of 45 mgm. per cent. Puncture on our 
third case was done nine months after the pains started and three months 
after weakness of the legs was complained of ; at that time the cerebrospinai 
fluid protein was 70 mgm. per cent. and there were 3 cells perc.mm. A 
second puncture was done three months later and then the cerebrospinal 
fluid was faintly straw-coloured and the protein was 100 mgm. per cent. 
In both our cases the Queckenstedt test showed no evidence of spinal block, 
and in the first case lipiodol injected into the cisterna magna passed freely 
to the lower end of the subarachnoid space. 
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Other Special Investigations. 


Both our cases had normal percentages of acid in the gastric juice and 
the blood-counts were within normal limits. The white blood cells 
were 10,800 in the third case, but this was probably due to urinary infection. 

X-rays of the spine showed no abnormality except for moderate osteo- 
arthritis in one of the cases. 


IV.—DIrFERENTIAL D1AGNosis. 


The differential diagnosis of acute necrotic myelitis presents consider- 
able difficulty, and, while syphilitic transverse myelitis may be excluded 
by the absence of a positive Wassermann reaction, other types of acute 
myelitis, especially those due to the demyelinating diseases are likely to 
cause confusion. In neuro-myelitis optica the development of the spinal 
lesion may precede by a considerable period the ocular symptoms and when 
paraplegia develops rapidly the legs may at first be flaccid and the tendon- 
jerks absent. The appearance of spasticity in the course of a few weeks 
makes the diagnosis of acute necrotic myelitis unlikely. The cerebrospinal 
fluid also is useful in distinguishing the two diseases as, though there may 
be an increase of cells including a certain percentage of polymorphs in both 
diseases, the protein is not greatly raised in neuro-myelitis optica. 

When acute compression of the spinal cord is due to epidural absc-ss 
or Pott’s disease, rigidity, pain and tenderness localized to the affected 
region of the spine are common early symptoms. In these cases, as also 
in those of painless carcinomatous deposits in the spinal canal the cerebro- 
spinal fluid may closely resemble that found in acute necrotic myelitis. 
The demonstration of a spinal subarachnoid block is the most valuable 
distinguishing feature between the cases of compression and those of 
myelitis. 


Differential Diagnosis of Subacute Necrotic Myelitis. 


Both amyotrophic lateral sclerosis and subacute combined degeneration 
may cause some difficulty in the early stages of the disease, but the develop- 
ment of sphincter disturbance and sensory changes will soon exclude the 
former, and the absence of dyszsthesiz in the hands and the normal blood- 
count and gastric analysis the latter. 

Chronic meningo-vascular syphilis affecting the lumbo-sacral cord has 
to be excluded, and in cases of chronic syphilitic myelitis with syringo- 
myelia in which the Wassermann reaction is negative in the blood and the 
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cerebrospinal fluid, this may be difficult. A case, proved by post-mortem 
examination to be of this type, was in the National Hospital under the 
case of Dr. Grainger Stewart in 1931 ; in this case the history and progress 
of the disease were practically the same as in subacute necrotic myelitis, 
the chief difference being the appearance of sensory impairment at prac- 
tically the same time as motor function was affected. In this case there 
was a gradual ascent of the sensory level with pain involved earlier and to 
a greater extent than touch, a feature which Foix and Alajouanine stress 
as being almost pathognomonic of subacute necrotic myelitis. The cerebro- 
spinal fluid contained 100 mgm. per cent. of protein and | cell per c.mm.; 
and the Wassermann reaction was negative in blood and cerebrospinal fluid. 
There was, however, evidence of subarachnoid block by the Queckenstedt 
test. The fact that the patient was known to have had an acute syphilitic 
meningitis some years before, and that his pupils reacted poorly to light, 
indicated the syphilitic nature of the lesion. The case described by Riser, 
Giraud and Planques (1937) as one of subacute necrotic encephalo-myelitis 
appears to us to be of this type. 

The most difficult differential diagnosis, and the most important from 
the point of view of treatment, is that from extra- or intra-medullary 
tumours in the lumbo-sacral region of the cord. Clinically the differentia- 
tion may be practically impossible, as a slowly progressive course, associated 
with localized wasting, sphincter disturbance and sensory changes, occurs 
in both diseases. The two main differential points are the frequent occur- 
rence of root pains and pain in the back in extra-medullary tumours, and 
the gradual ascent of the sensory level which is usual in cases of subacute 
necrotic myelitis and rare in cases of tumour. The presence of sub- 
arachnoid block at lumbar puncture will settle the diagnosis, since tumours 
at this level which are producing marked disturbance of function in the 
cord are invariably associated with some degree of spinal block. The 
albumin-cellular dissociation in the cerebrospinal fluid which has been 
stressed by Foix and Alajouanine has not been a feature in our cases, in 
neither of which did the protein exceed 100 mgm. per cent. 


V.—Discussion oF THE PATHOLOGICAL CHANGES. 


Acute necrotic myelitis—In Case | it appeared to us that the lesions 
in the cord were altogether explained by the changes in the small vessels. 
Every area of necrosis was associated with a small artery, the walls of 
which were so thickened that its lumen was almost if not completely 
obliterated. Why the grey matter was less affected than the white matter 
is not so easily explained. This may have been due to the relatively 
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greater vascularity of the grey matter, and also to the fact that the most 
affected vessels were the small meningeal branches, whereas the arteries 
which entered the cord by the ventro-median fissure were only slightly 
involved. The type of degeneration in these vessels was that seen in 
syphilis and in some other subacute infective processes, e.g. tuberculosis, 
but there was no clinical or pathological evidence of either of these diseases. 
Nor is it clear why the vascular disease was limited to the lower segments 
of the spinal cord. 

Of the previously published cases that which bears the closest relation- 
ship to this case is Juba’s in which he emphasizes that the hyaline thicken- 
ing was limited to the small vessels. In his case the large veins were also 
thickened, their walls consisting of loose concentric layers of fibrous tissue 
infiltrated with lymphocytes. In our case only one large vein was affected 
and that to a slight degree only ; the infiltration which was seen round 
many seemed to be explained by the rapid degeneration of the tissues of the 
cord. 

In our subacute cases (Nos. 2 and 3) the resemblance to the original 
cases of Foix and Alajouanine was very close but the lesions in the cord 
were not so frankly necrotic as in their cases. It is true that small patches 
of necrosis were seen in both, but the earlier stages of lacunar degeneration 
were much more in evidence. Nor was there as much degeneration 
of the neurones of the ventral horns in our cases as in theirs. This may 
have been due to the earlier stage at which our cases terminated. In 
Minea’s case also there was little affection of the anterior horn cells, and 
although he uses the word “ necrosis” to describe the degeneration, it is 
clear, both from the text and the illustrations, that he means what we 
have called “ degeneration with mesodermal reaction.” But the vascular 
changes in his case as in ours were almost exactly similar to those in the 
original cases and were remarkable if not unique. The sparing of the 
larger arteries was noteworthy in our cases. In the second case of Foix and 
Alajouanine they note that the veins were at least as much affected as the 
arteries but the latter appear to have been affected in both cases. In both 
the original cases and in our own there was no reduction in the lumen of 
the larger vessels, in spite of the great thickening of their walls. The 
degeneration appeared to be due rather to sclerosis of the small intra- 
medullary vessels. This cannot have been caused by the thickening of the 
walls of the large veins, but must have been an independent process. 

In both cases of Foix and Alajouanine and in our own there was 
evidence of pre-existing vascular disease. Their first case had had 
albuminuria five years before the onset of paraplegia, and their second case 
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had had several attacks of lead colic. In our Case 2 there was a definite 
history of gout and he had suffered from auricular fibrillation for years. 
In our Case 3 the only history of vascular disease was phlebitis of the legs 
at about the same time as the onset of paraplegia, and he died from 
thrombosis of the renal vein which spread to the inferior vena cava. It is 
not, however, certain that the affection of the spinal vessels bore any 
relationship to pre-existing vascular condition which, in no case, was of an 
unusual form. If the disease of the small intra-medullary vessels were a 
part of a systemic vascular disease it might be expected to be more common 
in sufferers from severe arteriopathic conditions, whereas it appears to be 
extremely rare. 

The possibility that it is a special form of toxi-infectious disease of the 
spinal cord has been suggested by Foix and Alajouanine for the subacute 
cases, and by several.of those who have reported more acute cases. The 
peculiar course of the disease and its incidence on the grey matter of the 
lumbo-sacral enlargements suggest that it may be a clinico-pathological 
entity. But our cases at least gave the impression that the parenchymal 
lesions were altogether dependant on the disease of the vessels. 

It is impossible to trace the pathogenesis of the disease farther than this, 
but we incline to the view that in this form of myelitis we have a peculiar 
form of degeneration of the small vessels of the spinal cord, associated in 
the more chronic cases with great thickening of the walls of the larger 
veins. The presence of early lesions in the latter in our acute case and in 
Juba’s case indicates that this, although the most obvious pathological 
feature in the subacute cases, may be of later development than the changes 
in the small vessels of the cord. 

[We should like to express our thanks to Drs. Gordon Holmes and 
C. P. Symonds for permission to publish their cases.] 


VI.—Summary. 


One case of acute and two of subacute necrotic myelitis (Foix and 
Alajouanine) are described, and their clinical and pathological relation- 
ships to the previously published cases is discussed. 

The clinical picture of progressive amyotrophic paraplegia, with dis- 
sociated sensory changes and loss of tendon reflexes and of sphincter 
control, is sufficiently characteristic, if taken in conjunction with the con- 
dition of the cerebrospinal fluid, to allow of clinical diagnosis. 

The condition consists essentially of primary obliterative sclerosis of 
the small intra-medullary and meningeal vessels in the lower segments of 














252 J. G. GREENFIELD AND J. W. ALDREN TURNER 


the spinal cord, and is associated with great thickening of the walls of 
the larger meningeal veins and sometimes also of the larger arteries. 

The degeneration of the parenchyma of the spinal cord appears to be 
altogether secondary to the vascular lesion. 
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SOME OBSERVATIONS ON CENTRAL PAIN. 


BY DAVID KENDALL. 
(From the National Hospital, Queen Square, London.) 


Tue first description of the so-called thalamic syndrome was given by 
Dejerine and Roussy in 1906 and was elaborated by Roussy a year later. 

Since that time many cases have been recorded that display the dis- 
orders of sensation composing this syndrome, and various explanations 
have been put forward to account for the phenomena met with. It has 
become apparent that the only essential feature of the thalamic syndrome 
is a disorder of sensation, and that the athetoid movements and ataxia 
described by Dejerine are not necessarily present. They depend on the 
extent to which the lesion involves structures in the immediate neighbour- 
hood of the thalamus. 

These disorders of sensation are not found in association with thalamic 
lesions only. They may occur with lesions of the brain-stem, of the spinal 
cord and even of the peripheral nerves. Moreover, the clinical findings do 
not differ in any material respect from those of the thalamic syndrome. 

The term “ spontaneous pain ” has been much used in connection with 
this subject, especially in reference to the pain which apparently arises 
spontaneously in thalamic lesions. It is, however, doubtful whether this 
does in fact occur, as an intimate study of these cases suggests that the pain 
is usually excited by some external stimulus, be it only a draught from an 
open window or the contact of clothing with the surface of the body. 
Head and Holmes (1911), who originally pointed this out, put forward the 
suggestion that the pains associated with thalamic lesions are the result of 
interruption of cortico-thalamic fibres, the function of which is to inhibit 
the reaction of the thalamus to afferent impulses arriving at the thalamus. 
In order to account for apparently spontaneous pain occurring as a result 
of spinal lesions, it would be necessary on this hypothesis to assume the 
presence of a cortico-spinal tract, the function of which would be to 
inhibit sensory impulses in their passage through the grey matter of the 
spinal cord. It has not, up to the present time, been possible to prove the 
existence of such a pathway. 

Kinnier Wilson (1927), who pointed out that pain does not occur in 
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association with lesions of the cerebral cortex, put forward the suggestion 
that pain, when associated with lesions of lower levels of the central nervous 
system, resulted from the irritation of conducting nerve fibres. This sug- 
gestion had previously been supported by Spiller (1923). It is, however, 
difficult to conceive an irritative process continuing sometimes for many 
years with little or no change in function taking place, as judged by clinical 
evidence. This suggestion would appear to endow individual nerve fibres 
with the property of conducting impulses in a different manner, depending 
upon whether or not they are subject to irritation, a theory which finds 
little support from studies of the properties of nerve fibres. 

Riddoch and Critchley (1937) and Riddoch (1938) also emphasize the 
probable existence of an inhibitory process active in the mechanism of 
sensation, and suggest that central pain occurs when this inhibition is 
defective. They also suggest that irritation may play a part in the pro- 
duction of central pain in those acute cases in which pain is a transient 
phenomenon. The same authors consider that the inhibition takes place 
at some point in the central nervous system distal to the thalamus. 

Following indirectly upon the observations of Head (1905) on proto- 
pathic and epicritic sensibility, Foerster (1927) postulated the existence of 
two sensory systems: (1) the affective, for the quality, i.e. pleasantness or 
unpleasantness of sensation, and (2) perceptive or epicritic, for the analysis 
of sensation into warmth, coolness, touch, &c. Further, he has suggested 
that the affective qualities of sensations are conducted in the posterior 
columns of the spinal cord. The evidence for this suggestion is based 
largely on the results of stimulating the posterior columns of the spinal 
cord in man. It is difficult to understand what bearing the production of 
pain by such stimulation with an electric current can have in indicating 
the pathway of painful impulses under normal conditions. Neither is this 
suggestion confirmed by clinical findings. Holmes (1919) has recorded 
cases of gunshot wounds of the spinal cord associated with severe pain and 
over-reaction, in which there was clinical eviderice of involvement of those 
modalities of sensation which are commonly assumed to be carried in the 
posterior columns of the spinal cord. 

Nicolesco (1924) has drawn attention to the frequency with which 
lesions affecting the grey matter result in pain. Although this is suggestive, 
there is no evidence to show that the production of pain is an exclusive 
property of lesions of the grey matter, and the observation in itself is of 
little assistance in finding a reason for the occurrence of so-called central 
pain. 

The essential feature in cases presenting pain as a symptom of lesions 
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of the central nervous system is an over-reaction to stimuli capable of 
exciting affective reactions and sensations, that is, those sensations naturally 
endowed with pain or pleasure. It would seem, therefore, that the term 
“central pain” is a misleading one, and that the term ‘ dyszsthesia ” is 
sufficiently explanatory and at the same time non-committal. 

The hypothesis put forward in this paper is that the essential factor 
determining the appearance of dysesthesiz is the functional dissocation 
of two sensory pathways which are to some extent antagonistic, but which 
are mutually interdependent for the production of what is known as normal 


sensation. 
Certain experimental and clinical observations are brought forward and 


discussed. 


EXPERIMENTAL OBSERVATIONS ON THE PERIPHERAL NERVES. 

Head, in 1905, was the first to suggest, as a result of observations made 
upon himself, the possibility of a double function in afferent nerves, and, 
although many observers have failed to substantiate his observations and 
conclusions, the terms protopathic and epicritic are useful in emphasizing 
the existence of dissociation of sensation in the peripheral nerves. It is not 
possible, however, to interpret Head’s findings on a strictly anatomical 
basis owing to the marked degree of overlap that exists between the fields 
of adjacent peripheral sensory nerves, and it is possible that the protopathic 
sensibility observed by Head was the property of certain types of fibres, the 
nature of which will be discussed later, which overlapped from adjacent 
areas. 

The observations made upon protopathic sensibility showed that the 
response to stimulation closely resembled the response obtained in the 
thalamic type of syndrome. The response was excessive once the raised 
threshold was overcome, and the resulting sensation radiated over a wide 
area. Also the majority of stimuli that could be perceived at all had an 
unpleasant quality. 

The work of Gasser (1934 and 1937), of Erlanger and Gasser (1930), of 
Lewis and Pochin (1937. and 1938), and of Ranson (1915) are of great 
interest and seem to have an important application to this subject. Ranson 
put forward the suggestion that “ protopathic sensibility ” is conducted by 
the unmyelinated fibres in the peripheral nerves. Ranson and Billingsley 
(1916) produced convincing evidence from experiments on cats that pain- 
ful impulses are largely carried by the fine non-medullated fibres which lie 
' in the lateral part of the posterior nerve roots and end in Lissauer’s tract. 
Further, Ranson and Davenport (1931) showed that the non-medullated 
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fibres outnumber the medullated fibres in the peripheral nerves of the cat 
after time has been allowed for degeneration of the sympathetic fibres. 

The work of Lewis and Pochin and of Erlanger and Gasser has thrown 
some light on the possible functions of the different types of nerve fibres 
in the peripheral nerves. Erlanger and Gasser (1930), by an investigation 
of action potentials, were able to demonstrate that the fibres fell into three 
groups: A, B, and C. The A fibres are large and medullated and are the 
fastest conductors of impulses. The B fibres conduct more slowly and are 
thought to correspond with the finer medullated fibres, and finally the C 
group, which are the slowest conductors, probably consist of fine non- 
medullated fibres. 

These investigations were carried further by Clark, Hughes and Gasser 
(1935), who investigated the effects of asphyxia on the conduction of 
impulses in the peripheral nerves. From the temporal order in which the 
various modalities of sensation were lost they were able to conclude that 
crude unlocalized pain is carried in the C group of fibres, that is, the slowly 
conducting non-medullated fibres. 

The effect of asphyxia on the sensory functions of peripheral nerves has 
been further investigated by Lewis and Pochin (1938). Asphyxia was pro- 
duced either by a pressure cuff round the arm, or by a specially designed 


clamp which compressed the nerve without introducing the factor of 
vascular occlusion. They were thus able to conclude that the results 
obtained were due to compression of the nerve only and were not due to 
circulatory disturbance. It was found that touch, perception of cold, per- 
ception of warmth, and rapidly conducted painful impulses were impaired 


“ec 


almost simultaneously, while so-called “slowly conducted pain” was 
affected later, and the defect was preceded by a period during which the 
response to painful stimuli was exaggerated. It was the second pain which 
was exaggerated and the pain evolved persisted longer than under normal 
conditions ; in this stage even scraping the fingers or pressing on the nails 
was painful and unpleasant. 

The work of Lewis and Pochin (1937) on the double response of the skin 
to a single stimulus is particularly significant. They were able to show 
that a single stimulus, such as a prick applied to the skin, produces two 
definite and separate sensations, separated by an interval, the length of 
which they were able accurately to record. The initial perception of sharp- 
ness is almost instantaneous and is followed after an interval measurable 
in seconds by a more prolonged sensation of pain. 

Putting these observations together, it seems reasonable to assume that 
in the peripheral nervous system painful stimuli, at least, travel in two 
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distinct sets of nerve fibres, through the rapidly conducting large medullated 
fibres, which transmit the “ first pain,” and through the small non- 
medullated fibres, which transmit the “ second pain.” It appears possible 
to apply this hypothesis to impulses created by extremes of heat and cold. 

It is a common observation in everyday life that when part of a limb 
is placed in excessively hot water or comes into contact with an unduly hot 
object, there is immediate withdrawal of the limb. After an appreciable 
interval (about one second in the hand) there is a second and more intense 
sensation of heat, not confined to the area immersed, but radiating proxi- 
mally. This second sensation is more painful than the first and is of con- 
siderably greater duration. It has the same unpleasant quality that is 
found in patients with pain resulting from central lesions. This form of 
response is much more noticeable if the limb is previously cooled ; then 
water at a temperature normally quite bearable or even pleasant seems 
intensely and unpleasantly hot. Following on this initial sensation there 
is a still more severe or unpleasant sensation of burning heat comparable 
to the second pain, which may be very prominent. 

In order to determine whether or not this latter is a result of local 
cooling of the skin and nerve endings, it was decided to make a personal 
experiment. The left ulnar nerve was cooled locally at the elbow by water 
at 3° C. for one hour. At the end of forty-five minutes it was found that 
there was complete loss of thermal discrimination over the ulnar two 
fingers and ulnar border of the hand. Hot and cold objects were described 
alike as being hot. This “ hot sensation ” had a very unpleasant and intense 
burning quality and corresponded very closely with the sensation produced 
by the immersion of an unduly cold limb in hot water. There was a delay 
of about one second in appreciating the sensation. In this experiment 
there was little or no excessive reaction to pin-prick; there was merely a 
raising of the threshold. 

These observations are compatible with those made by Gasser et al. 
and Lewis and Pochin on the results of asphyxia of a peripheral nerve. In 
each case a double response is observed, and in each case it is possible 
experimentally to dissociate the two responses. In the absence of the first 
response the sensation produced by the second response is exaggerated and 
has a particularly unpleasant quality. 

It can therefore be stated with reasonable certainty that in the peri- 
pheral nerves, painful impulses are transmitted by two anatomically 
independent but functionally related pathways, and that the distinguishing 
features of these two pathways are the size of the fibres concerned and the 
rate of conduction of impulses travelling thereby. Further, it appears that 
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one conducting system is capable of exercising a modifying influence over 
the other. It is suggested that this is concerned with an inhibitory 
mechanism within the central nervous system. 

Reviewing Head’s observations, it is probable that the type of sensibility 
that he noticed on the ninth day following nerve section and termed proto- 
pathic, was due to stimulation of unmyelinated, slowly conducting fibres 
arising from intact adjacent nerves. It has been demonstrated that the 
distribution and ramifications of this type of fibre covers a wider area than 
the corresponding large medullated fibres. This statement is, however, 
open to criticism, as the exact distribution of these unmyelinated fibres has 
not been demonstrated. 

The question now arises whether it is possible to apply the hypothesis 
of a double conducting system in the peripheral nervous system to the 
central nervous system. Are there, in the central nervous system, two 
anatomically distinct pathways for the transmission of painful and thermal 
sensations which conduct impulses at different speeds? 

If this could be shown to be the case considerable light would be thrown 
on the mechanism of production of the excessive response to peripheral 
stimulation found in certain cases with central lesions. 

In order to test this hypothesis four cases have been studied, in each of 
which this excessive response was present. The lesion in one case was in the 
lower cervical region of the spinal cord; in the remaining three it was 
situated in the ponto-bulbar region. The fourth case was not examined 
personally, but is included in this paper on account of its similarity to the 
other cases described. 

Each case showed a very striking uniformity in the type of dyszsthesia 
present, and in its mode of production. The findings are most conveniently 
examined when grouped together under appropriate headings. Full details 
of the histories and findings are to be found at the end of this paper. 

(1) “ Spontaneous” pain.—Each patient complained of a constant dis- 
comfort over the affected area of the body. The description given varied 
from a “ constant dull ache ” to “a feeling like neuralgia,” “ an uncomfort- 
able heavy feeling” or “ like electricity.” In two of the cases the pain was 
so severe as to require the administration of opiates. 

Careful questioning elicited the fact that the pain was not truly spon- 
taneous ; it could be shown that in each case it was the response to some 
environmental condition such as the presence of the bedclothes in contact 
with the skin or the temperature of the surrounding atmosphere. The ~ 
pain or discomfort was almost constantly present, but was considerably 
modified by external conditions. Sudden movement or changes in tempera- 
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ture, lying on the affected side, in fact, any sudden change in environmental 
conditions tended to aggravate the discomfort. Further features of this 
“ spontaneous ” pain were its widespread distribution, the lack of any exact 
localization, and the absence of any one spot of maximal intensity. 

(2) Pin-prick.—The response in all four cases was similar. The stimulus 
caused very excessive pain which seemed to radiate over a very wide area 
and which frequently had a very nauseating character. Localization of 
the stimulus was faulty, and the exact site of reference of the pain was 
indefinite and difficult to determine. A very significant fact in the first 
three cases was the presence of delay in the appreciation of pain ; this was 
constant and bore no relation to the intensity of the stimulus.. The response 
to pin-prick was therefore strikingly similar to that obtained in a limb the 
slow conducting nerve fibres of which have been isolated by experimental 
asphyxia of the nerve trunks. 

In only one case (No. 4) was there any marked raising of the threshold 
to pain. In the remaining three cases the threshold was variable and 
differed only very slightly from the normal. 

(3) Thermal sensibility.—In Cases 1, 2 and 3 very similar responses 
were obtained. Cold objects caused intense pain, the character of which 
resembled closely that caused by pin-prick, to which was added a sensation 
of coldness of an abnormal and very unpleasant nature. The intensity of 
the response was much increased by using a massive stimulus, such as a 
jug of cold water as opposed to a test-tube. In addition there was delay 
in appreciating the stimulus, that is, there was a delay between the contact 
of the test object with the skin and the appreciation of the sensation of 
painful coldness referred to above. This delay was more variable than that 
found to pin-prick ; it was always greater than one second and, using a 
small test object, it was found to amount to four seconds in one of the 
cases. 

In Case 4 only was there no over-reaction to heat or cold, but here there 
was complete loss of perception of temperature over the affected area. 

In describing the response to thermal stimulation it is interesting to 
quote the case of Admiral Broke, referred to by Weir Mitchell (1897). 
Following an unspecified lesion of the central nervous system the patient 
described “a sense of extreme cold in my leg and foot and left hand, so 
that I could not sleep in comfort without a worsted glove and worsted 
stocking . . . the sense of cold appeared to be internally upon the coating 
of the bones . . . and yet the skin over the whole left side of my body was 
affected with a singular numbness to the touch.” The abnormalities of 


sensation were further described ; “the left side requires four coatings of 
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stout flannel, which are augmented as the thermometer descends .. to 
prevent a painful sensation of cold. . . . When exposed to a breeze, or in 
moving against the air, one or even two oilskin coverings are necessary, in 
addition, to prevent a sensation of piercing cold driving through the whole 
frame.” It is interesting to note that the same author refers to two similar 
cases resulting from vascular lesions which he thought to involve the 
thalamus. Weir Mitchell was, therefore, probably the first to describe the 
thalamic syndrome, and he also recognized that the pains were not truly 
spontaneous. 

The symptoms quoted above bear a strong resemblance to those of the 
cases here referred to. 

In general it may be said that in these cases the perception of light touch 
was unimpaired and in one case only was there any impairment of those 
modalities of sensation (postural sensation, perception of passive movement 
and vibration) which are said to travel in the posterior columns of the spinal 
cord ; in this case (No. 2) the impairment was minimal. 

The presenting features of these cases are therefore that in each case 
there was an area of the body throughout which certain stimuli were 
abnormally appreciated. The abnormality consisted principally of an 
excessive reaction and faulty localization, together with delay in the 
appreciation of the stimulus. A further point of importance which arises 
is that with one exception (Case 4) little or no raising of the threshold to 
stimuli could be detected by ordinary clinical methods. This fact seems 
to imply that the total amount of damage to the pathways conducting 
afferent impulses from the affected area was not very great, and it is signifi- 
cant that in Case 4, in which there was complete loss of thermal discrimin- 
ation, there was no over-reaction to hot or cold objects. This observation 
is in keeping with the majority of accounts of cases presenting dyszsthesia 
resulting from central lesions ; the dyszsthesia is not present in areas in 
which the loss of cutaneous sensibility is complete. This may have some 
bearing on the point raised by Garcin (1937) that lesions in a given part of 
the central nervous system produce very similar clinical pictures, but may 
differ in that in one case over-reaction to cutaneous stimulation may be 
present, in another absent. It is suggested here that the degree of damage 
to the sensory conducting pathways bears a definite relation to the presence 
of over-reaction. The greater the damage, the less the likelihood of over- 
reaction occurring. 

It is not inappropriate at this point to refer to the condition known as 
causalgia on account of the similarity of certain symptoms to those that 
may result from central lesions. 
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Causalgia is characterized by severe and persistent pain following peri- 
pheral nerve injury, and it is commonly found that the degree of actual 
sensory impairment is slight or even non-existent. The pain in this condi- 
tion is excited by peripheral factors; either by touch, change in temperature, 
pin-prick, movement or pressure. In addition, the pain is widespread, often 
has a nauseating character, and appears to radiate through both super- 
ficial and deep structures. It seems possible, therefore, that causalgia may 
depend for its causation on factors similar to those concerned in the 
production of pain from central lesions. 


Discussion. 


An analysis of the work of Gasser et al., and of Lewis et al., referred to 
above, and of the clinical features of cases presenting dysesthesia with 
central lesions, shows that there are certain features common to both. 

Experimental lesions of the peripheral nerves produce delay in the 
perception of pain, together with over-reaction and abnormal perceptions. 
This appears to resemble very closely the clinical findings in cases present- 
ing so-called central pain. In both, exaggeration of sensations evoked and 
delay in perception are present. Again, it is emphasized that the experi- 
nental lesions producing these phenomena are such as to cause partial 
interference with the normal transmission of afferent impulses ; there is 
loss of the “ first pain” together with a defect in the conduction of tactile 
and thermal stimuli. Further, it is known that the fibres subserving 
delayed pain in the peripheral nerves are fine unmyelinated ones, and 
possibly some of the smallest myelinated fibres. The thesis put forward 
here is that a similar double pathway for the conduction of afferent 
impulses exists in the central nervous system, and extends from the spinal 
cord to the thalamus. 

On the basis of this hypothesis it is possible to explain the phenomena 
of so-called central pain by a disturbance of a central inhibitory process. 
This paper is not concerned with the theorics of the mechanism of produc- 
tion of the central inhibitory state, which has been investigated by physio- 
logists (Sherrington and others) chiefly in the motor aspects of nervous 
activity. Excitation of an axon results in a period of subnormal response 
in the axon and at the synapses and a raised threshold is produced which 
renders the neurons refractory, for a time, to further impulses which may 
arrive. Gasser (1937) has, however, assumed the existence of a similar 
function on the afferent side. He has drawn attention to the possible 
relationship between the different rates of conduction in peripheral nerve 
trunks and a central inhibitory process. He states: “it is quite possible 
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that the function of the impulses which run ahead of the others is to adjust 
the excitability of the synapses in preparation for the arrival of later 
impulses.” Impulses travelling in the large, fast-conducting fibres reach the 
central nervous system and act upon certain receptors and render them 
relatively refractory to the second set of impulses excited by the same 
stimulus, which arrive later by the slowly conducting fibres. 

The question then arises of the site of this inhibition. Riddoch (1938) 
stresses the possibility of modification of afferent impulses at the various 
synapses in the afferent pathways. 

Direct experimental proof on the human subject is lacking, and evidence 
from animal experiments must necessarily be inconclusive when sensation 
is concerned. In order to state definitely that there are two pathways for 
the conduction of painful impulses in the spinal cord, it would be necessary 
to determine accurately the time relations of the various afferent pathways, 
and the various fibres of different sizes within them. There are two places 
where inhibition would be most likely to take place; at the posterior horns 
of the grey matter, or in the thalamus. A fact in favour of the possible 
inhibition at the thalamic level is the occurrence of dyszsthesia with thala- 
mic lesions. Therapeutic cordotomy, on the other hand, at least shows that 
all the fibres concerned in conveying impulses of pain and temperature are 
grouped together in the antero-lateral part of the spinal cord. This fact 
is against the existence of a separate pathway in the posterior columns for 
the affective component of sensation, as suggested by Foerster. If inhibi- 
tion takes place in the posterior horns and the impulses crossing to the 
opposite antero-lateral columns are, as it were, already modified for recept- 
tion by the higher centres, it is difficult to understand how lesions 
involving the central grey matter can give rise to pain and over-reaction 
referred widely below the corresponding level. It therefore seems probable 
that the fibres in the antero-lateral columns maintain the arrangement 
that holds for the peripheral nerves, that is, both fast and slowly conducting 
fibres. On this hypothesis the response to impulses with a high affective 
quality may be inhibited at the thalamic level by more rapidly travelling 
impulses excited by the same stimulus. Under normal conditions the 
reaction to such affective stimuli is modified or controlled by such a 
mechanism. If, however, the rapidly conducted inhibitory impulses are 
blocked or modified, the response to the stimulus is naturally excessive, and 
shows itself by the exaggeration of the sensation of pain and the greater 
response in the withdrawal of the stimulated part. 

In other words, on this assumption that there is a double pathway for 
afferent impulses exciting pain, the clinical phenomena of “central 
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pain ” can be interpreted as the result of interruption of the “ fast-conduct- 
ing” fibres in the spinal cord and brain-stem by a lesion which leaves 
intact or relatively intact the “ slow-conducting ” fibres which are normally 
inhibited by them. 

Little can be said about the relative sizes of the fibres in the afferent 
pathways of the spinal cord. It is known, however, that those fibres of the 
spino-thalamic tracts, the course of which is uninterrupted to the thalamus, 
are uniformly small and few in number. It is probable that other and 
larger fibres which conduct rapidly, may reach the thalamus indirectly by 
a series of relays. 

This hypothesis of a spino-thalamic inhibition of afferent impulses is 
the opposite of that of Head and Holmes, who postulated a cortico-thalamic 
inhibition. There is no reason why a spino-thalamic and a a 
inhibitory process should not both play a part in the control of afferent | 
impulses. 

SUMMARY. 

An attempt has been made to correlate certain features of pain resulting 
from central lesions and observations on the consequences of experimental 
disturbances of the peripheral nerves. Attention is drawn to the occurrence 
in both of over-reaction to certain stimuli, irradiation, and delay in the 
perception of pain. 

It is suggested that the double conducting pathway in the peripheral 
nervous system described by Gasser et al. exists also in the central nervous 
system, and that the pathways differ in the rate at which impulses are 
conducted by them. It is further suggested that, in normal circumstances, 
the rapidly conducted impulses produce a relatively refractory state 
centrally, which has a modifying effect on the impulses conducted slowly 


APPENDIX. 
Case Histories. 

Case 1. — K.T., female, aged 34. Admitted to the National Hospital 
January 15, 1939, under the care of Dr. Gordon Holmes. 

Complaint.—Progressive paralysis of the limbs for twenty-four hours. On attempt- 
ing to get out of bed on the morning before admission, she noticed an uncomfortable 
strained sensation on the left side of the thorax that seemed to cover the left side 
from vertebrz to the sternum. In the course of a few minutes this sensation became 
one of intense pain. She then felt that her lower limbs and trunk were becoming 
tight, particularly on the left side. At the same time she very rapidly lost the use 
of both legs, and her left arm and hand became weak. The left side of the body 
felt numb and sore up to, and including, the left hand. There was also some 
tingling in the left foot. She developed retention of urine and faces at the onset of 
the paralysis. There was some pain in the left side of the chest, aggravated by 
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breathing or movement. The tight sensation in the chest had occurred once before, 
three years before the present attack, and was sufficiently severe to prevent 
her working. There had, at that time, been no paralysis of the limbs. 

Examination.—There was a left-sided Horner’s syndrome. The skin of the left 
side of the face was dry and contrasted markedly with the opposite side which 
sweated profusely. The left palpebral fivsure was narrowed, and the left pupil was 
smaller than the right. Both pupils responded normally to light and convergence. 
The remaining cranial nerves showed no abnormality. There was great resistance 
to any movement of the neck, particularly to flexion, with tenderness over the 7th 
cervical spine. 

Motor system.—Arms: There was weakness of all the intrinsic muscles of the 
left hand, together with some weakness of flexion of the left wrist. The left arm 
was hypotonic. There was no wasting and co-ordination was normal. 

Trunk: There was impaired movement of the left side of the chest in respira- 
tion. On raising the head there was deviation of the umbilicus to the right. 

Legs: There was an almost complete flaccid paralysis of both lower limbs. The 
only movements present were very weak flexion and extension of the right foot and 
weak eversion of the right leg. There was apparently extreme tenderness of the 
left calf muscles (see under Sensation). 

Reflexes.—The left triceps-jerk was diminished. The abdominal reflexes, knee 
and ankle jerks were absent. The plantar responses were flexor. In the course 
of the next month power returned fully in the right leg and partially in the left. 
Some wasting appeared in the intrinsic muscles of the left hand. Both plantar 
responses became extensor and the reflexes in the lower limbs became brisk. She 
was able to walk with the aid of a stick. Bladder function had partially returned 
at the end of three weeks, but some precipitance persisted. 

Sensation.—({The findings with regard to sensation remained practically unaltered 
throughout the patient’s stay in hospital. The findings here recorded are con- 
densed from a number of different examinations in the course of six weeks.) 

(1) “Spontaneous” pain: On the day following admission the patient com- 
plained of severe left-sided abdominal pain, radiating upwards to the chest, and 
downwards in the left leg. The pain was so severe as to resemble an intra-abdominal 
catastrophe. Examination showed no evidence of this. It was described as an 
aching, boring or gnawing pain, greatly aggravated by coughing or movement, 
and somewhat relieved by lifting the bedclothes away from the skin and by moderate 
warmth indirectly applied. This pain only persisted for forty-eight hours ; it then 
gradually improved. Throughout the illness there was an almost constant dull 
ache over the left elbow and in the left scapular region. At first this dull aching 
affected the whole of the left side of the body. After a few days it was only present 
in the left leg and trunk when some sudden movement was made. (In order to save 
space certain areas of the body have been numbered on the chart and reference 
is made to these numbers in the text.) 

(2) Light touch (fine wool): Over the area marked (1) on the chart there 
was a minimal impairment of the perception of light touch. Over the area marked 
(2) the perception of light touch was abnormal in character. The contact of the 
wool with the skin had a distinctly uncomfortable burning quality, and the area 
over which the stimulus was perceived was much larger than normal. Over area ° 
(3) perception of light touch was normal. 

(3) Tickling the skin with wool: Over area (1) the quality of the response was 








SOME OBSERVATIONS ON CENTRAL PAIN 265 


normal, but there was a quantitative impairment. Over area (2) the sensation 
produced was unpleasant and nauseating, and was described as resembling the 
sensation resulting from scraping coarse sandpaper with the finger-nails. Over 
area (3) there was a diminished quantitative response. Qualitatively the sensation 
produced was described as “ pleasant,” “soothing,” “comforting.” “It sends a 
pleasant feeling up my spine.” Tickling with the tips of the fingers (i.e. a more 
massive stimulus) produced the same subjective response as tickling with wool, but 
to a greater degree. Z 





(4) Scratching the skin with the fingers: Over area (1) there was a normal 
qualitative but diminished quantitative response. Over area (2) a very intensely 
unpleasant sensation was produced. It was described as being “like scraping a 
raw piece of skin.” There was radiation of the response over a much larger area 
than that stimulated. Over area (3) the response was not definitely abnormal. 

(5) Pin-prick: There was no great difference in the quality of response produced 
by light or by heavy application of the pin. The difference was only a matter of 
degree. Over area (1) there was diminished perception of pin-prick, heavy and 
light. Over area (2) there was no raising of the threshold to pin-prick ; there was, 
however, a very marked delay in the perception of the pain. This amounted to 
about one second in the upper trunk and rather over two seconds on the left leg. 
When asked to compare the response on the left leg with that on a normal area 
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(neck or radial border of right hand) the patient was able to recognize (without direct 
questioning) the double nature of the response over the normal areas. Over the 
affected area (2) the initial sharpness of the pain was missing, and there was a 
delay between the application of the stimulus and the perception of pain. This was 
borne out by the delay in withdrawing the limb from the stimulus. In addition to 
the above, there was faulty localization of the stimulus. She was unable to point 
with a greater accuracy than within several inches to the place where the stimulus 
had been applied. (This she could do accurately over normal areas.) The character 
of the response to pricking was one of intense pain. It was described as “ burning,” 
“ sickly,” “ covering an area” and “ sending a cold shiver right through my body.” 
“It was like stabbing a cut.” Over area (3) a pin could be recognized as such, but 
did not feel painfully sharp even with a heavy stimulus. The response was neither 
pleasant nor unpleasant. The chief abnormality lay therefore in area (2) which 
showed: (a) Delay ; (b) over-reaction ; (c) irradiation ; (d) faulty localization ; (e) a 
normal threshold. 

(6) Drawing a pin across the skin: Over area (1) this was perceived as touch 
only. Over area (2) the response was similar in character to pin-prick—* like a 
hot match being dragged along my skin.” Over area (3) the response was subnormal 
in degree and was pleasant in quality, Like tickling, it was “soothing and rather 
exciting.” 

(7) Heat: (a) Using a stimulus of small dimensions (temperature of test object 
just pleasantly bearable on normal skin). Over area (1) it felt just warm ; it was 
neither pleasant nor unpleasant; and the quantitative response was subnormal. Over 
area (2) there was delay similar to that observed with pin-prick. The sensation 
produced was one of intensely painful heat which covered a wide area of the body. 
“Tt was like putting a burnt hand into hot water.” Over area (3) the test object 
felt “just warm”; it had a pleasant and soothing quality and she stated that she 
felt she would like it to be warmer. Everything in contact with area (3) felt warm 
irrespective of its actual temperature, and the degree of warmth was always the 
same. (b) Using a massive stimulus: (rubber hot-water bottle.) The responses over 
areas (1) and (3) were the same. Over area (2) the sensation produced was quite 
unbearable, and seemed to spread over the whole of the left side of the body. 

(8) Cold: Over area (1) there was defective perception of cold. Over area (2) 
there was delay in appreciating the stimulus, followed by great over-reaction and 
irradiation. The sensation was one of unbearably painful cold. Over area (3) the 
cold object felt just warm, and was indistinguishable from the warm object. The 
patient described how, on getting into a warm bath for the first time after the onset 
of symptoms, she first put in her right foot, and said “ this is not hot enough.” On 
being told that it was really very hot, she ventured to immerse her left foot. To her 
surprise she was obliged immediately to remove her left foot from the water, the 
heat was so intensely painful. When eventually a compromise had been reached 
as to the temperature of the bath, she described how she enjoyed her bath with 
the right side of her body, and felt nothing but discomfort on the left. 

(9) There was a very slight impairment of tactile localization over area (2). This 
was not detectable when the lightest possible stimulus was used, but became notice- 
able when the stimulus was sufficiently strong to cause irradiation. 

(10) Perception of vibration, position, passive movement, and compasses was 
normal everywhere. 

There was no astereognosis. 
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Diagnosis.—In view of the fact that the cerebrospinal fluid contained 
blood on three consecutive occasions during the first week, it was assumed 
that hemorrhage was taking place from a vascular abnormality -on the 
surface of the spinal cord in the lower cervical region. Progress was good 
and on leaving hospital seven weeks after the onset of symptoms the patient 
was walking well. She had still, however, a considerable amount of pain 
and aching in her left side. On discharge, there was little or no change in 
the sensory findings. 

Comment.—This case was one of an acute lesion in the lower cervical 
region of the spinal cord on the left side. There was a modified Brown- 
Séquard syndrome, with over-reaction on the side of the lesion. In view 
of the persistence of the extensor plantar response on the right, it is reason- 
able to suppose some damage to the right side of the spinal cord, and that 
the antero-lateral column on the right was partially involved. It is signifi- 
cant that in area (2) there was practically no change in the threshold to 


stimuli. 


Case 2.—H. B., male, aged 38. Admitted to the National Hospital October 13, 
1936, under the care of Dr. Gordon Holmes. 

Complaints——(1) Numbness, tingling and discomfort of the right side of the 
body for twenty-two days ; (2) drooping of the left side of the face for seven days ; 
(3) dysphagia and dysarthria for seven days ; (4) a tendency to fall to the right for 
seven days ; (5) inability to look to the left for three days ; (6) diplopia on looking 
to the right for three days. 

Until twenty-two days before admission to Hospital he had been quite well. 
The first symptom was noticed on getting into a hot bath. He noticed a very 
unpleasant tingling in his right leg from the toes to the hip. He was only able 
to continue his bath by keeping his right leg out of the water. During the following 
week the right leg became numb, and walking caused an uncomfortable sensation in 
the right foot. By the end of the first week of his illness the whole of the right 
side of his body felt numb, including the face. At the end of the second week of 
his illness several new symptoms appeared within the course of one day. The first 
was a difficulty in swallowing and articulation. This was probably due largely to 
a weakness of the left side of the face which occurred at the same time. Three 
days before admission double vision was noticed on looking to the right. The 
false image was above and to the right of the true. At the same time there was 
inability to turn the eyes to the left. On sitting up in bed there was a tendency to 
fall to the right, unaccompanied by any vertigo, but with a feeling of being forcibly 
pulled over to the right. There was no headache, no visual disturbance, no weakness 
of the limbs or sphincter disturbance. Family and past histories were negative. 

Examination.—The patient was mentally normal. There was a_ slurring 
dysarthria, but no loss of words or lack of comprehension. The first and second 
cranial nerves were normal. The pupils were small, the left being smaller than the 
right. They were irregular, and reacted rather sluggishly to light and convergence. 

Ocular movements.—Both eyes could be moved upwards, downwards, and to the 








268 DAVID KENDALL 


right conjugately, but on being told to look to the left there was failure to move 
either eye. The right eye was adducted normally on convergence. With the eyes 
fixed on an object and the head rotated, it was still impossible to obtain conjugate 
movement to the left, showing that the interference with conjugate ocular movement 
was at a nuclear level. There was also weakness of abduction of the right eye, 
producing a homonymous diplopia. There was nystagmus on looking to the right, 
independent of fixation of vision. It was moderately coarse with slow phase toward 
the mid-line and a more rapid outward movement. There was no ptosis. 

There was complete paralysis of the masseter and temporalis on the left side. 
There was impairment of perception of pin-prick over the first division of the Sth 
nerve on the left side. The changes in sensation on the right side of the face were 
identical with those on the right side of the remainder of the body, and are described 
later. There was a complete paralysis of the left side of the face, with impairment 
of sense of taste over the anterior two-thirds of the tongue on the left. The left 
palate reflex was absent, and the palate deviated to the right. The right vocal cord 
moved better than the left. The 11th and 12th cranial nerves were normal. Power 
in the limbs was normal and equal on the two sides, but there was some inco-ordina- 
tion of cerebellar type in the upper and lower limbs on the left side. Tone was a 
little increased in the right leg. There was increase in the tendon reflexes on the 
right, with a right-sided extensor plantar response. The abdominal reflexes were 
absent. 

Sensation.—(Sensation was entirely normal on the left side, and the following 
refers to the right side of the body, including the face.) 

(1) “ Spontaneous”: The patient complained of a constant discomfort on the 
whole of the right side of his body which varied from time to time and seemed to 
be associated with environmental conditions. A draught from an open window, 
or a sudden impact on the bed caused considerable increase in the discomfort. The 
discomfort consisted of a gnawing, aching feeling, somewhat relieved by heat. 

(2) Light touch (cotton-wool): Light touch was normally perceived throughout, 
with very occasional mistakes. When the touch was not perceived there was a 
reflex contraction of muscles in the neighbourhood. The character of the sensation 
was abnormal. At times a tingling was produced ; at times burning. It was always 
unpleasant and was resented. Tickling the skin with cotton-wool produced a very 
unpleasant sensation as of insects crawling over the skin. 

(3) Pin-prick: Throughout the right side a very abnormal response was obtained. 
The threshold to pin-prick was a little raised, but not markedly so. There was 
very marked irradiation of the sensation. “It covers an area”; “like an electric 
shock.” Delay in the perception of the stimulus was present and was greatest on 
the leg. The duration of the sensation was considerably longer than normal. 
There was some impairment of localization of painful stimuli. 

(4) Thermal sensibility: There was impairment in the ability to distinguish 
small differences in temperature on the right side, but larger differences were 
correctly recognized. The character of the response was abnormal, the abnormality 
being more marked to cold than to heat. Application of a cold object produced 
a very painful sensation of cold which seemed to come from a much larger area than 
that actually stimulated. There was delay in withdrawing the leg from the stimulus. 
Heat was not painful, but had not the normally pleasant quality which the patient 
observed on the left side. The abnormality of the response was even more noticeable 
using massive hot and cold stimuli. The latter were quite unbearably painful. 
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(5) There was a little impairment of perception of vibration on the right side, 
and the character of the sensation was abnormal “like a dentist’s drill.” 

(6) Sense of position, passive movement, and stereognosis were not quite so 
accurate on the right as on the left side. There was a minimal impairment of two 
point discrimination in the right hand. The patient’s gait could not be tested, but 
on sitting up in bed he fell to the right. No abnormality was detected in the 
cardiovascular, respiratory or genito-urinary systems. 

Lumbar puncture was performed eight weeks later and showed no manometric 
abnormality. The fluid contained 10 mononuclear cells per c.mm. The total protein 
was 0-12 mgm. per cent. Nonne-Apelt and Pandy tests were negative. The 
Lange curve showed no change and the Wassermann reaction was negative. The 
patient made a steady recovery, and examination two years from the onset showed 
almost complete recovery of function in the affected cranial nerves, except for a 
little impairment of conjugate ocular movement to the left side and a slight residual 
left facial weakness. The motor system was entirely normal. Investigation of 
sensory functions showed that the initial findings still persisted, but were very much 
less marked. Examination three years from the onset showed still greater recovery, 
and the abnormalities of sensation were only just detectable. Pin-prick felt rather 
sharper on the right than on the left. There was no longer any delay. 


Diagnosis.—The diagnosis of this case remained in doubt. It is possible 
that the condition was due to the thrombosis of the left posterior inferior 
cerebellar artery, but in the absence of any obvious cardiovascular disease 
the possibility of disseminated sclerosis could not be ruled out. 

Comment.—This case showed abnormality in the perception of afferent 
impulses over a very wide area. The principal points were the absence of 
any great impairment of sensation, with marked over-reaction, and delay 


in the perception of pain. 


Case 3.—S.R., male, aged 37. Admitted to the National Hospital September 22, 
1938, under the care of Dr. Denis Brinton. 

Complaints.—(1) Giddiness for twenty-four weeks ; (2) vomiting for twenty-two 
weeks ; (3) a tendency to walk to the left for twenty-two weeks ; (4) crookedness of 
the face for five weeks ; (5) dysphagia and hoarseness for five weeks ; (6) an uncom- 
fortable feeling in the right leg and right side of the trunk for five weeks. 

The patient was well until six months before admission to hospital. He then 
quite suddenly noticed that bending down made him feel giddy. Objects seemed 
to rotate round him—he was uncertain in what direction. A few days later this 
giddiness became permanent, and he developed a tendency to fall to his left side. 
A fortnight later he developed early morning vomiting. It was not definitely 
associated with the giddiness and there was no headache. He remained in this 
state until six weeks before admission, when the vomiting and vertigo gradually 
ceased. Five weeks before admission a number of new symptoms appeared within 
the course of about twenty-four hours. These were: drooping of the left side of 
his face, hoarseness of his voice, difficulty in swallowing, with regurgitation of fluids 
through his nose, and abnormal sensations in his right leg. He described the 
sensation in his leg as a “ constant nagging toothache.” It was present most of the 
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day, but tended to get worse in sudden very sharp exacerbations. The pain at these 
times was not sharp but very unpleasant, and caused him to move his leg about 
continually. He also found that sensation over the rest of the right side of his 
body was abnormal. Anything touching his right side felt “unnatural.” The 
sensation seemed to spread over a much larger area than was normal. This 
abnormality was present over the whole of the right side including the face. There 
had been no impairment of vision, but there had been some difficulty in looking 
to the left during his illness, and attempts to do so produced vertigo. There had 
been a severe cough with much sputum for three months before admission. 

Examination.—The first and second cranial nerves were normal. The right 
pupil was larger than the left. The right eye was not adducted well on convergence. 
There was failure to move the eyes conjugately to the left beyond the mid-line, 
nor could movement to the left be obtained by rotating the head with the eyes 
fixed on a stationary object. The left eye could not be abducted when the right eye 
was covered. There was no diplopia. There was a coarse horizontal nystagmus 
on looking to the right ; it was diminished but did not cease if fixation was prevented. 
The left corneal reflex was absent and it was impaired on the right. There was 
paralysis of the muscles of mastication on the left side. There was impairment of 
sensibility to pin-prick over all three divisions of the left 5th nerve. There was 
abnormal sensibility over the first two divisions on the right side which corresponded 
to the abnormality found on the trunk and limbs. There was complete paralysis 
of the left side of the face, with hyperacusis in the left ear. The palate deviated 
to the right on phonation. The left vocal cord moved poorly. Power and tone in 
the limbs were normal. There was inco-ordination of cerebellar type in the left 
arm and leg. The abdominal reflexes were absent on the right side and the right 
plantar response was doubtfully extensor. 

Sensation.—(The following description applies to the whole of the right side of 
the trunk, the right arm and leg, and the first two divisions of the right 5th nerve.) 

(1) “ Spontaneous”: There was a constant “ toothache-like ” feeling in the right 
leg, which caused the patient constantly to move the leg about. It was aggravated 
by the presence of the bedclothes, or putting the foot to the ground. 

(2) Light touch (cotton-wool): Light touch was everywhere appreciated at a 
normal threshold. On the right side it caused a sensation of irritation over an area 
wider than that actually stimulated. The sensation seemed to have a longer duration 
than normal. 

(3) Stroking or scratching the skin: This caused a very unpleasant sensation 
as of rubbing a bruise beneath the skin, and was perceived over a very wide area, This 
response was most marked on the palms of the hands, the soles of the feet, and 
the abdomen. 

(4) Pin-prick: (a) On the face. The threshold of pain sensation was normal but 
the character of the sensation was abnormal. The patient described “waves of 
feeling” radiating from the stimulated spot, found it very unpleasant “like an 
electric shock.” No delay could be detected. 

(b) Over the remainder of the right side. Here the threshold was a little raised. 
A light pin-prick was perceived only as very light touch. Heavier stimulation caused 
a very unpleasant painful sensation which radiated concentrically on the trunk and 
proximally on the limbs. The sensation was described not as ordinary sharpness, 
but a “ horrible gnawing sensation.” There was delay in perception of the stimulus 
and the duration of the sensation was prolonged. 
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(5) Thermal sensibility: The ability to discriminate between fine grades of 
temperature was impaired on the right side, including the face. This defect was 
more marked than in Case 2. A test tube of cold water produced a sensation 
of painful coldness radiating over a larger area than that stimulated, but not radiating 
to the same extent as pin-prick. A warm test tube was more normally appreciated, 
but had a slightly unpleasant quality. Massive hot and cold stimuli were more 
effective in demonstrating the abnormality. There was delay in the perception of 
thermal stimuli. 

(6) Vibration: This caused an unpleasant form of tingling radiating from the 
area stimulated. 

(7) Perception of passive movement, two-point discrimination, stereognosis and 
tactile localization were normal. 

The cerebrospinal fluid was under a pressure of 80 mm. water. The fluid 
contained nine lymphocytes per c.mm. Total protein 0-14 grm. per cent. Lange 
curve 3332221110. Wassermann reaction negative. 

Five weeks after admission a severe chest infection occurred and the patient 
died ; no further change having taken place in the neurological findings. At 
autopsy only the brain was removed. The internal surface of the skull showed some 
pressure marking, not of recent origin. There was a marked cerebellar pressure 
cone, consisting partly of the cerebellar tonsils but chiefly of swollen medulla. The 
pons felt firmer than normal. Section across the brain-stem showed a rather soft 
rounded tumour occupying the left half of the tegmental region of the pons in its 
lower part and projecting forward into the 4th ventricle. At the upper level of the 
pons it occupied only a small area between the medial lemniscus and the iter of 
Sylvius. In the medulla it affected almost the whole of the left half. Histologically 
the tumour was a glioma of the glioma pontis type. 


Comment.—This case presented many features which were identical 
with those of Case 2. It is notable that in this case there was greater quan- 
titative loss of thermal sensibility, and also less marked over-reaction to heat 
and cold than was found in Case 2. This is in keeping with the suggestion 
made above that the degree of loss of sensation bears an inverse relation to 
the degree of over-reaction that may be present over the same area. 


Case 4. — T. D., male, aged 49. Admitted to the National Hospital 
November 27, 1911, under the care of Dr. Howard Tooth. 

Complaints.—({1) Weakness and numbness of the left side of the face for three 
months ; (2) weakness of the left arm and leg for three months ; (3) headaches and 
vomiting for three months. 

Three months before admission he began to notice that his left arm and leg 
were weak. At the same time the left side of the face became numb and he 
developed a left facial paralysis. He also complained of attacks of headache associated 
with a sense of rotation of objects about him in a clockwise direction. In these 
attacks he would tend to fall forward or to the left. There had been diplopia with 
the images vertically above one another. Two months before admission he started 
to have severe pain in the left side of his face (although that side felt numb). At 
the same time his left eye became inflamed and rapidly went blind. (This eye was 





272 DAVID KENDALL 


subsequently removed without anzsthesia.) For one month the whole of his right 
side from the shoulder downwards had felt numb. He had always been rather deaf 
on the left, but deafness had become complete on that side during the present 
illness. 

Past history—Major and minor epilepsy for thirty years. 

Examination.—There was nystagmus on looking to the right and left, and a 
rotatory nystagmus on looking upwards. There was marked weakness of the muscles 
of mastication on the left side. The right corneal reflex was impaired. (The left 
eye had been removed.) There was loss of all forms of sensation over the distri- 
bution of the left 5th nerve. Sensation was normal on the right side of the face. 
There was an almost complete paralysis of the left side of the face. There was 
complete nerve deafness on the left side. There was deviation of the palate to the 
right on phonation. The left palate reflex was absent, the right impaired. Power 
in the limbs was good, but there was gross inco-ordination of cerebellar type in 
the left arm and leg. The limbs on the left side were hypotonic. The knee and 
ankle jerks were brisker on the right side than on the left, and the abdominal 
reflexes were absent. He tended to fall to the left while walking. 

Sensation.—(1) “ Spontaneous”: The right arm and leg were subject to a 
“dreadful numb sensation.” The right side seemed asleep. He complained of 
pain in the right arm and leg and in the genitalia—pins and needles “ like electri- 
city.” This did not involve his face. He noticed the sensation on turning over in 
bed and on putting the right foot to the ground. 

(2) Touch: Cotton-wool was appreciated on hairless and hair-covered parts on 
both sides. On the whole of the right side of the body cotton-wool caused an 
abnormal response—a numb, tingling sensation. Von Frey’s hairs were well appre- 


ciated on both sides. 
(3) Tickling and scraping: This produced a subnormal response on the right 


side. 

(4) Pain: He failed to appreciate even the most forcible pricking on the right 
side of the body, but said that it caused “that funny sensation I cannot describe.” 
it seemed to radiate all over the part and on one occasion went up to his neck. 

(5) Thermal sensibility: There was complete loss of perception of all degrees 
of heat or cold on the right side of the body, including that part of the right side 
of the head not in the trigeminal area. There was no over-reaction. 

(6) Position sense, stereognosis, two-point discrimination and tactile localization 
were normal throughout. 

This patient eventually came to autopsy. The left side of the pons was found 
to be enlarged and felt abnormally soft. There was a moderate hydrocephalus. 
A large tumour was found occupying the left side of the pons varioli. It extended 
posteriorly to just beyund the caudal margin of the restiform body, and here 
destroyed the dorsilateral margin of the medulla. Anteriorly it reached the point 
at which the brachia conjunctiva separate from the cerebellum. Throughout its 
length its dorsi-medial portion lay free in the 4th ventricle. Histologically, 
the tumour was an infiltrating glioma which was, however, fairly well limited from 
the surrounding normal brain tissue. Serial section showed that there was little 
or no damage to tracts on the right side. On the left the damage was extensive. 
The medial lemniscus, however, had almost entirely escaped. Gowers’ tract was 
largely degenerated above the tumour. 
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Comment.—This case is similar in many respects to the two preceding 
cases. The over-reaction was less marked, however, and the quantitative 
loss of sensation was much greater. No observation was made as to the 
presence or absence of delay in the perception of pain. 


I wish to thank Dr. Gordon Holmes for his invaluable criticism and 
advice, and for his permission to publish details of the cases under his care ; 
also Dr. Denis Brinton for permission to publish details of Case 3. 
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THE VENOUS DRAINAGE OF THE BRAIN, WITH SPECIAL 
REFERENCE TO THE GALENIC SYSTEM. 


BY B. SCHLESINGER 
(From the Department of Human Anatomy, Oxford.) 


On the basis of experiments on dogs, Bedford reported (1937) that a 
collateral circulation becomes rapidly established after occlusion of the 
great vein of Galen (Vena magna cerebri). He concluded, therefore, that 
the hydrocephalus which was occasionally found by Dandy and Blackfan 
(1914) and by Gulecke (1930), in dogs in which the vein had been blocked 
experimentally, was not directly due to the occlusion of the vein. In a 
subsequent series of experiments, Bedford (1934) occluded the great vein 
of Galen in monkeys. These animals likewise failed to show hydrocephalus 
after a survival period of six weeks, but no evidence was found of the 
manner in which the collateral circulation had developed in the choroidal 
plexus and the basal ganglia. Schwartz and Fink (1925-26), who injected 
the great vein of Galen in human brains, were unable to reach positive 
conclusions regarding the collaterals of the vein and the venous drainage 
of the basal ganglia, and they suggested that these investigations required 
to be further extended. A study of the venous system is also of importance 
for the question of the localization and pathogenesis of certain infections 
and other pathological conditions which have been described in the monkey 
and in Man, and are known to have a definite topographical relationship 
to the venous channels of the grey and white matter. The present paper 
comprises a report of an investigation, based on the examination of normal 
and experimental material, with the object of elucidating these details of 
the circulation. 

TECHNIQUE. 


The method employed to investigate the problem of the collateral 
circulation in the monkey was based on the following considerations : — 

(1) The occlusion of one of the small veins of Galen leads to a unilateral 
hyperemia ; this allows a comparison between the normal vessels and the 
venous channels which are dilated in order to cope with an increased 
amount of blood. 
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(2) Bedford’s animals were killed after a comparatively long time, and 
within this period all kinds of vascular adjustments may have taken place, 
as is suggested by the rather transitory effect which follows the occlusion 
of the surface veins in the rhesus monkey. In our experience this opera- 
tion is followed by a very pronounced hyperemia, producing small cortical 
hzmorrhages, which completely disappears within forty-eight hours. It 
was decided, therefore, to kill the first of the experimental animals immedi- 
ately after the operation, the second after twenty-four hours, and the third 
animal after a longer period of time. The last animal, however, died after 
a few hours and our observations, therefore, are so far based on acute 
experiments only. : 

(3) Instead of injecting the venous system of the monkey, it appeared 
preferable to stain the vessels with Pickworth’s stain (1934), a method 
which consists of the histological application of a blood stain. As a result 
of the reaction between sodium nitroprusside and the hemoglobin of the 
red corpuscles, the latter appear blue-black. This method is in some respects 
more reliable than injection, for in the latter case the injection-mass may . 
not always enter the small vessels everywhere. In most cases the manner 
of arborization which has been so clearly described by Pfeifer (1930) 
materially aids in differentiating arteries and veins, except in the vessels of 
very small calibre. However, it is a disadvantage of Pickworth’s method 
that the degree of the chemical reaction is variable. It may be quite success- 
ful in some sections of one single set but it may be very weak in the others : 
intensive stains may sometimes last for many weeks, whereas other equally 
well-stained specimens may fade overnight. On the whole Pickworth’s 
method had distinct advantages, as will become more apparent in the 
description." 

(4) The small vein of Galen was coagulated, as it was impracticable to use 
a silver-clip in the small field between the lower surface of the corpus 
callosum and the roof of the third ventricle. 

A report of the experiment performed in the third animal will serve 
to describe the operative procedure. 


A bilateral skin-flap with a frontal base was reflected and two large bone-flaps 
were turned down separately, the left flap in the upper part of the field extending 
across the midline. The dura was incised at a distance of about | cm. from the 
median plane on either side of the longitudinal sinus, and the incision carried 
upwards towards the edges of the sinus and well down into the temporal region 


1 The nerve cells should not stain. In one of our animals, however, a composite 
picture was obtained and the vessels and the cell-layers could be clearly seen. No 
explanation for this reaction could be given and the staining of the cells could not 
be reproduced in other specimens. 
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after a bilateral decompression had been done. After reflecting the four dural 
flaps, practically the whole convexity of both hemispheres was exposed together 
with the frontal, precentral, parietal and occipital veins. The right parietal vein 
was coagulated and divided. The right hemisphere was gently retracted from the 
falx in this region and the posterior part of the callosal body exposed and split, with 
practically no bleeding, by means of a blunt dental needle, the tip of the needle 
emerging between the two crura fornicis. In order to avoid possible damage to 
the great vein of Galen, division of the callosal fibres did not include the posterior 
border of the splenium. After widening the opening, a small amount of cerebro- 
spinal fluid escaped from the 3rd ventricle, the roof of which was opened in one 
small place. The roof was not injured in the other animals. The fluid was sucked 
away and the laterally-situated fibres of the corpus callosum pulled to the right 
until the roof of the ventricle and the plexus, forming a small, brownish, longitudinal 
strip of tissue, could be seen. On further retraction, the right vein of Galen was 
brought into view. It was slightly elevated with a small pair of forceps and the 
coagulating current applied. As a result the distal part of the vessel increased to 
about twice its size and remained enlarged until the beginning of the closure which 
was begun a few minutes later. There was no hemorrhage throughout the opera- 
tion. However, there was some swelling of the brain so that the dura could not 
be closed. The two bone flaps were sutured in position and the closure of the skin 
-completed. Immediately after death, the brains were fixed in Pickworth’s solution 
for eight hours. They were then cut into frozen sections of 250 yw thickness and 
stained. 


EXAMINATION OF SECTIONS. 

A common feature of the sections was a hyperemia on the operated 
side which was very marked in the third case and moderate but distinct in 
the first two animals. The hyperemia was most obvious in the regions 
adjacent to the corpus callosum but was hardly evident in the frontal and 
occipital areas as compared with normal brains and with the corresponding 
areas of the same brain on the opposite side. There was no hyperemia in 
the basal part of the temporal lobe. It is interesting to note that, in the 
human brains injected through the great vein of Galen, this region of 
the temporal lobe also showed very little injection. On closer inspection 
a certain degree of hyperemia was also found on the unoperated side, 
which was undoubtedly caused by the oedema following the occlusion of 
the vein and the resulting increase of intracranial pressure. The hyper- 
zmia was manifested in the following changes : — 

(a) The veins were enlarged and the number of the macroscopically 
visible vessels was increased. 

(b) Some of the veins were tortuous. Although a number of veins in 
the white matter were found to be somewhat tortuous in the brain of the 
normal monkey stained by Pickworth’s method, as well as in brains of 
monkeys injected with carmine-gelatine, this tortuosity was less marked 
than in the operated brains, and is explained by a certain amount of shrink- 
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age that occurs during the fixing of the specimens. The increased tortuosity 
due to hyperemia of the veins was accompanied by an enlargement of 
their calibre and a narrowing of the perivascular space. 

(c) Where there is a regular distribution of the vessels, as for instance 
in the head of the caudate nucleus, a pattern of regularly arranged spots 
with indistinct outlines was observed when the specimens were looked at 
under a low power. These spots correspond to the cross-sections of con- 
gested vessels which are surrounded by smaller rami and post-capillaries 
given off in a star-shaped manner. 

(d) There were perivascular hemorrhages beneath the ependyma cover- 
ing the caudate nucleus (fig. 1). 


Fic. 1.—Section showing hyperemic areas in the head of the caudate nucleus 
and subependymal perivascular hemorrhages. (x 40.) 


(e) The capillary loops could be beautifully seen and large numbers of 
them formed continuous black lines, in contrast to the normal picture of 
a sodium nitroprusside stain in which the capillary vessels almost exclu- 
sively form dotted lines (the stained red corpuscles being separated from 
each other by short irregular intervals). This is a feature which obviously 
cannot be brought out by injection of the vascular system. 


DISTRIBUTION OF THE VEINS. 


The small vein of Galen and its tributaries, the anterior and posterior 
terminal, the septal and epithalamic veins, were grossly dilated, while the 
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chorioidal vein and the other vessels in the plexus did not differ in any 
respect from the normal. 

The terminal veins.—The tributaries of the terminal veins cross the 
surface of the head and the tail of the caudate nucleus, forming the 
transverse caudate veins (figs. 2 and 3). They disappear in the region of the 
lateral angle of the lateral ventricle between the lower surface of the corpus 
callosum and the upper surface of the caudate nucleus. Here, numerous 
cross-sections of vessels can be seen which lie close together and represent 


Fic. 2.—Diagrammatic cross-section through the brain of a Rhesus monkey, 
showing the connexions between the Galenic system and the veins on the surface of 
the brain: (1) Great vein of Galen ; (2) small veins of Galen ; (3) transverse caudate 
vein ; (4) longitudinal caudate vein ; (5) venous channels, connecting the great vein 
of Galen with the superior longitudinal sinus and the cupectittel Sylvian vein ; 
(6) and (7) superior external and internal lenticular veins ; (8) and (9) inferior external 
and internal lenticular veins ; (10) superficial sylvian vein ; (11) deep sylvian vein ; 
(12) superior sagittal sinus. 


the continuation of those transverse veins which have changed their direc- 
tion abruptly to form the longitudinal caudate veins (figs. 2 and 3). The 
latter skirt the superior border of the caudate body, the bulk of the vessels 
derived from the anterior terminal vein being directed forwards, whereas 
most of the veins arising from the posterior terminal vein run backwards. 
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This arrangement can be more clearly understood from the injection 
experiments made on human brains where these vessels were dissected out, 
as will be described later. The longitudinal veins were grossly enlarged in 
the third animal, and moderately so in the others. They give rise, from a 
topographical point of view, to two groups of vessels, the first being situated 
in the white matter, the second in the basal ganglia (fig. 2). 

The first group is represented by three different sub-divisions which, 


Fic. 3.—Section showing the fan-like arrangement of subventricular veins, and the 
superior lenticular veins perforating the internal capsule. (x 25.) 


however, share the common feature that their course follows, with a few 
exceptions, the course of the callosal fibres from the lateral angle of the 
ventricle to the cortex on the medial surface and the convexity of the 
cerebral hemisphere. 

The vessels forming the first group are: (i) Coarse capillary networks 
which begin a very short distance from the lateral ventricular wall and 
extend throughout the white matter and the cortex as a continuous plexus 
(fig. 3). They can be most clearly seen in the suprasylvian region. 

(ii) Small subventricular veins which arise from the longitudinal veins 
in a fan-like manner and soon break up into capillary plexuses which are 
continuous with the network just described. Deep to the cortex the 
plexuses are drained by subcortical veins which penetrate the cortex, receive 
a great number of branches from the dense capillary network of the grey 
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cortical matter, and finally enter the veins on the surface of the brain. The 
plexus of the white matter forms, as a whole, an irregular pattern, but the 
larger postcapillaries, which connect the capillaries with the venules, join 
the latter very often at right angles (figs. 4 and 7). 

(iii) Large veins (fig. 4), some of which are even macroscopically visible 
over wide areas in suitable sections and which, in the experiments, were 
very much enlarged and frequently tortuous. The calibre of these veins 


Fic. 4.—Section showing intracerebral anastomotic veins, joined at right angles by 
smaller veins. (x 25.) 


does not appreciably change during their course. Moreover, they do not 
break up into capillaries but are joined only at relatively long intervals and 
in most instances at right angles by short venules and sometimes by capil- 
laries without intervening larger vessels. The larger veins are therefore 
certainly linked up with the capillary plexus, but there is some dispropor- 
tion between the size of these vessels and their scanty connexions. Excep- 
tions to this rule are infrequent, and veins of larger size and constant 
calibre with a great number of connexions are only rarely found. What- 
ever additional functions they may have, these veins must represent 
anastomoses between the Galenic system and the veins on the brain-surface. 
They may therefore be called intracerebral anastomotic veins, 
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(iv) Numerous transitional types of venous channel. Sometimes veins 
arising from the capillary network close to the ventricle soon attain a larger 
size and travel towards the periphery, thus covering, like an anastomotic 
vein, a considerable distance (fig. 5). In one instance, an anastomotic vein 
was found to be formed by two larger veins joining each other at an acute 
angle. While “ pure” types are so frequently encountered that they fully 
justify the establishment of fairly distinct anatomical and consequently 
physiological units, the frequent occurrence of all kinds of transitional 
forms must be emphasized. 


Fic. 5.—Section showing a long subcortical vein, arising near the outer ventricular 
angle. Longitudinal caudate and superior lenticular veins are also seen. (x 25.) 


The second group of veins is formed by branches of the transverse 
caudate veins, which enter the brain-substance between the thalamus and 
the caudate nucleus or the grey matter of the caudate body itself. Other 
rami of this group come off from the longitudinal caudate veins where they 
participate in the formation of the “fan-pattern.” Common features of 
these vessels are their large size and their relationship to the basal ganglia 
(figs. 2, 3 and 5). 

(i) The veins which rise in the ventricular angle can be seen in the 
region of the upper border of the caudate nucleus throughout its curvature. 
They perforate the internal capsule and reach the lateral surface of the 
putamen or in some cases actually traverse the outer layers of the latter as 
superior external lenticular veins, to break up into a great number of 
venules which collect the blood from a very dense capillary network. The 
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basal layers of these capillary areas are drained by venules which unite and 
form the inferior external lenticular veins. These large vessels converge 
towards the anterior perforated space, crossing the anterior surface of the 
anterior commissure where it leaves the substance of the putamen and 
enters the external capsule. Finally these vessels open into the deep Sylvian 
vein. 

(ii) The rami of the transverse caudate veins which are given off before 
the latter reach the outer angle of the lateral ventricle enter the inner 
layers of the putamen, the medullary lamina of the lenticular body and 
the globus pallidus. They branch into smaller vessels and finally break up 
into a capillary network which is continuous with the capillary area just 
described and the system of the inferior internal lenticular veins which 
cross the anterior commissure within the substance of the lenticular body 
and join the deep Sylvian vein more medially. The inferior lenticular veins 
emerge at the base of the brain where they intermingle with the inferior 
lenticular arteries entering the anterior perforated space. The more 
posteriorly placed inferior lenticular veins perforate the roof of the inferior 
horn of the lateral ventricle and open into the inferior chorioidal veins. 

The septal vein.—The description of this vein will be postponed, as the 
course of the tributaries of this vessel is rather complicated and can be 
much better seen in the human brain. 

The epithalamic vein.—After occlusion of one of the small veins of 
Galen there was also a certain amount of hyperemia in the thalamus, 
particularly apparent in its anterior nucleus, the capillaries of which are 
very large and densely arranged. The thalamus drains its blood partly 
into the epithalamic vein and partly through the inferior thalamic veins 
into the posterior communicating vein which lies underneath the posterior 
perforated space and connects the two basilar veins. 

The veins of the choriotd plexus——The appearance of these vessels did 
not differ from that of those in the normal plexus, nor was there any differ- 
ence between the two sides in the animals operated upon. The blood of 
the plexus is partly drained by the small vein of Galen through the superior 
chorioidal vein, as already described by Testut (1929) and by Bedford (1934), 
and partly by the inferior chorioidal vein which joins the basilar vein. 
There was no asymmetry of the ventricles due to a hydrocephalus on the 
operated side. 

INJECTION OF HuMAN Brains. 

Two human brains were injected with a hot solution of carmine-gelatine_ 
under heavy pressure. The cannula was inserted into the commencement 
of the straight sinus after the inferior longitudinal sinus had been occluded 
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by hemostatic forceps. Two hemispheres were sliced into coronal sections, 
one was divided into horizontal sections, and in the fourth hemisphere the 
ventricular veins and their tributaries were dissected out and followed into 
the brain-substance as far as possible. The findings were identical in the 
two injected specimens. ; 


(1) The intracranial anastomoses of the great vein of Galen. 


Transverse caudate veins, corresponding to those already described in 
the monkey, were demonstrated (fig. 6). They cross the surface of the 


Fic. 6.—Diagram illustrating the distribution of the tributaries of the Galenic 
system of veins: (1) Great vein of Galen ; (2) small vein of Galen ; (3) posterior 
terminal vein ; (4) septal vein ; (5) anterior terminal vein ; (6) transverse caudate 
vein ; (7) longitudinal caudate veins; (8) intracerebral anastomic veins; (9) cut 


surface of cortex. 


caudate nucleus and disappear in the region of the angle of the lateral 
ventricle where they enter the brain-substance. If the ependyma is care- 
fully incised along the upper border of the caudate nucleus after the corpus 
callosum had been removed, the course of these vessels can be followed 
further by piecemeal removal of the white matter. At the region of the 
ventricular angle the veins, the course of which has already been described 
above, change their direction. The longitudinal veins divide at acute 
angles into a number of branches, the resulting rami, therefore, lying close 
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together for relatively long distances. As a result of this peculiar arrange- 
ment whole groups of vessels are found in cross-sections through this region 
in the monkey as well as in Man, where they are macroscopically visible. 
Later on these vessels become directed laterally and upwards, and in the 
region of the body of the lateral ventricle their numerous rami, too, are 
also seen to lie in the transverse plane. The rami arising in the wall of the 
anterior horn are directed forwards, and in the region of the ventricular 
triangle and the posterior horn backwards. Just as in the monkey, it could 
be seen that whereas the size of many vessels diminishes rapidly in their 
course, the larger vessels maintain their size and can be followed into the 
white matter for about one inch from their point of origin. The further 
course of these vessels (which undoubtedly correspond to the anastomotic 
veins seen in the monkey) can be demonstrated much better in horizontal 
and coronal sections. The veins closely follow the stream of the callosal 
fibres, this arrangement being particularly striking in the regions of the 
forceps anterior and forceps posterior where definite “ venous radiations ” 
were encountered. The diameter of these vessels is about half a millimetre 
and no ramifications could be seen in the centrum semiovale in micro- 
scopical sections stained with picric acid. 

The system of the septal veins deserves a special consideration. It was 
rather difficult to get a clear idea of the arrangement of the tributaries of 
the septal vein in the monkey, but a more definite conception applicable 
to both monkey and Man was finally gained by correlating the histological 
findings in the monkey with the macroscopical features elicited by slicing 
and dissecting the human brain. In the injected brains the communicating 
rami derived from the septal vein and the most anteriorly placed branches 
of the anterior terminal vein dive down pnder the base of the head of the 
caudate nucleus and the putamen where they are caught by rostral fibres of 
the corpus callosum and carried towards the base of the frontal lobe. The 
remaining branches of the anterior terminal vein travel chiefly with the 
callosal fibres above the rostrum to the convexity of the frontal lobe. 

A large vein is evident in the anterior part of the internal capsule in the 
monkey and in Man, an illustration of which is given in Testut’s textbook 
(1929). This vessel connects the system of the superior lenticular veins, 
where they penetrate the internal capsule, with the veins on the surface of 
the frontal lobe. It has no relationship to the callosal fibres but is 
embedded in the anterior peduncle of the thalamus and the region of the 
fronto-pontine tract. 

On cutting the brain in the median plane a great number of veins were 
encountered in the splenium, while the remaining part of the callosal body 
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showed only a few vessels. The splenial veins are directed downwards and 
forwards towards the posterior part of the commissure of the fornix. They 
connect the veins of the fornix with the posterior callosal vein, thus drain- 
ing the blood from the medial wall of the lateral ventricle into the Galenic 
system. The question of a possible connexion of the splenial veins with the 
veins of the plexus of the 3rd ventricle, however, could not be decided. 

The gross appearance of the injected veins in the basal ganglia in Man 
resembles that seen in the monkey. The injection of the caudate and the 
lenticular nuclei is fairly uniform, whereas, in the thalamus, the injection- 
mass is confined to its superior half which corresponds to the territory of 
the epithalamic vein. The hypothalamus, however, shows a more marked 
injection, derived from the veins at the base of the brain which communi- 
cate with the great vein of Galen through the extracerebral anastomoses of 
this vessel. 


(2) The extracerebral anastomoses of the great vein of Galen. 


The injection-mass was found to have entered the following areas : — 
_ (1) The whole occipital lobe and large parts of the adjacent parietal 
region through the occipital vein. In one case, almost the whole posterior 
part of the hemisphere, including the Rolandic vein, was filled with 


carmine-gelatin. 

(2) The medial surface of the brain above the posterior half of the 
callosal body and the splenium through the posterior callosal vein. 

(3) Through the basilar vein, the region of the limen insulez, and the 
inferior half of the superficial Sylvian and the whole of the deep Sylvian 
vein, the veins on the orbital surface of the frontal lobe, the inferior lenticu- 
lar veins and the veins supplying the pes pedunculi, the substantia nigra, 
the corpus Luysii, the nucleus ruber, the zona incerta, and probably also 
the basal part of the thalamus. 

(4) Part of the inferior half of the cerebellum and a number of pontine 
vessels through the superior cerebellar vein. 


Discussion. 


Lorente de No (1928), Luna (1928), Cobb (1931) and Pfeifer (1930) have 
shown that the capillaries of the cerebral vessels form a large common 
network, and the last-named was able to demonstrate anastomoses between 
precapillaries and vessels of even larger size, arteries as well as veins. The 
results of our investigations may be applied to certain aspects of the cerebral 
circulation, without going into details which have already been described 
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and discussed by Pfeifer such as, for instance, the so-called pressure-veins, 
suction-arteries, and so forth. 

There is some controversy in the literature about the relationship of the 
intracerebral vessels to the fibre-systems. Duret (1874) claimed that the 
vessels closely follow the paths of the fibres, whereas, in the opinion of 
Pfeifer, the arrangement of the vessels is largely independent of the fibres. 
The study of our material suggests that, on the whole, the veins are more 
apt to follow the fibre systems than the arteries, particularly the venules, 
the medium-sized veins and the vast majority of the anastomotic veins. 
Exceptions are the most medially placed anastomotic veins in the region 
of the angle of the lateral ventricle, and the superior lenticular veins, the 
course of which is almost at a right angle to the fibres of the callosal body 
and the internal capsule respectively. The arrangement of the postcapil- 
laries, likewise, is largely independent of the fibre-systems. 

We cannot agree with Schwartz and Fink, who claim that the territory 
of the vein of Galen is chiefly represented by the white matter and that 
this vein drains only comparatively small parts of the basal ganglia, for the 
large size of the superior lenticular veins, found in our specimens, is against 
such an assumption. 

The general arrangement of the blood-vessels in the white matter 
suggest that the circulation takes place in the following way. Blood 
entering the white substance through a cortical artery is distributed to 
the capillaries from which it enters the nearest vein to return to the brain- 
surface (fig. 7). Blood reaching the periventricular white matter through 
the basal arteries is drained by the great vein of Galen. The individual 
arteries and veins are connected by the common capillary network supply- 
ing and draining certain areas within the white matter. The boundaries 
of these regions must be considered as more or less variable. The regional 
independence of the arteries is greater than that of the veins, as evidenced 
by the pathological effects following the occlusion of an artery ; on the 
other hand, the venous territories reveal a very marked degree of over- 
lapping since connecting links trespass across the boundaries of the venous 
territories at frequent intervals. Between the territories of the basal and 
cortical arteries no distinct anatomical boundaries exist, but there is a 
definite physiological boundary: in contrast to this, the territory of the 
cortical veins extends, in certain regions, far down to the ventricular wall, 
while the drainage area of a vein opening into a vessel in the neighbour- 
hood of the ventricle may extend far up towards the subcortical layers. In 
still other regions, the territories of the cortical veins and the ventricular 
veins may even be identical. The manner in which the large anastomotic 
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Fic. 7.—Diagram showing the venous circulation in the white matter and the 
connexions between the superficial cortical and the ventricular veins through the 
intra- and extracerebral anatomotic veins: (1) Pial artery ; (Z) pial vein ; (3) basal 
artery ; (4) basal vein ; (5) cortical artery ; (6) cortical vein ; (7) cortical and long 
subcortical vein ; (8) subventricular artery ; (9) subventricular vein ; (10) intracerebral 
anatomotic vein ; (11) extracerebral anatomotic vein; (12) great vein of Galen ; 
(13) intervenous anastomosis ; (14) junction of cortex and white matter. 





288 B, SCHLESINGER 


veins are joined by the small venules suggests that the direction of the blood- 
flow in the big veins may normally proceed in either direction. Through the 
connecting vessels the blood is conducted directly, making a short-cut into 
the cortical and ventricular veins respectively. The network-like arrange- 
ment prevailing in the venous system makes it evident that the blood may 
be shifted from one more or less arbitrarily outlined area into other regions 
as necessity may arise. The function of the large intracerebral veins would 
be, as a whole, to facilitiate the drainage of the capillary areas, to cope with 
a temporary increase in the blood-flow, and to connect the large ventricular 
with the surface veins. By these anastomotic veins, therefore, pressure- 
difference between these territories can readily be equalized. The function 
of the intra- and extra-cerebral anastomotic veins, as for instance the basal 
vein of Rosenthal, are probably quite similar. 

The intracerebral anastomotic veins were seen by Pfeifer (1930) and 
other investigators (in the human and in the cat’s brain). Pfeifer, however, 
makes only a general statement that a.small amount of the venous blood 
of the white matter is not drained by the surface veins but flows towards 
the ventricles where there are various possibilities of connexion with the 
basal veins. Duret (1874) succeeded in injecting the great vein of Galen 
from one of the cortical veins, and mentions the anastomotic veins as 


“veins médullaires” (Pfeifer’s ““ Markvenen”), but he does not describe 
their topographical arrangement and the manner in which they are linked 
up with the large tributaries of the great vein of Galen in the region of 
the lateral ventricle and with the venules and capillaries of the white 


matter. 
The anastomotic veins seem to be completely absent where there are 


many vessels of varying calibre in a given area, as for instance in the basal 
ganglia. The same applies to a still greater degree to the plexus choriodeus 
with its rich system of communicating blood-vessels. This plexus, there- 
fore, shows no evidence at all of hyperemia if one of its venous outlets is 
blocked. Bedford, having occluded the great vein of Galen, did not find 
an enlargement of the ventricular system six weeks after the operation, but 
mentions that a transitory hyperemia might have been present a short time 
after the operation. The anatomical and clinical evidence, however, in 
our experimental animals in which the ventricle was not opened does not 
suggest an increased production of cerebrospinal fluid. 

The effects following the occlusion of a vein in the grey and the white 
matter are, as a rule, transitory, and changes affecting circumscribed areas 
following venous occlusion are infrequent ; their occurrence depends on the 
rate at which the occlusion takes place. No account of untoward results 
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following the occlusion of one small vein of Galen in man could be found in 
the literature, the vessels and their tributaries being able to adjust them- 
selves to gradually increased local as well as general pressure. In conditions 
of acute or sudden occlusion, or suddenly increased pressure, however, as in 
a case of thrombosis in adults (A. Meyer—personal communication), birth- 
injuries (Schwartz and Fink, 1927), and, in our experiments, hemorrhages 
in the soft substance of the caudate nucleus occur. The author has in his 
collection encephalograms showing the very uncommon feature of a grossly 
irregular outline of the shadow of the caudate nucleus in an enlarged 
anterior horn ; this can best be explained by the presence here of old scar- 
tissue, formed as.a result of a considerable haemorrhage having occurred in 
the subependymal layers of the caudate body at birth. 

The importance of the venous system of the brain has been realized for 
some time, not only in relation to traumatic but also to other pathological 
conditions. Meyer and Cook (1936) have put forward the view that the 
peculiar network-like localization of hypermyelinized scars in cases of 
status marmoratus may: be due to peculiarities in the arrangement of the 
venous blood-vessels. In post-vaccinal encephalitis and in encephalitis 
following measles the characteristic lesions are situated around the veins 
of larger calibre (Pette, 1931). The same applies to the demyelinization of 
the white matter as described in monkeys by Schob (1931). Meyer and 
Cook believe that in diffuse sclerosis also the veins are related to the localiza- 
tion of the process. Putnam (1937) has called attention to a possible venous 
origin of disseminated and diffuse sclerosis. Finley (1937) found that the 
distribution of encephalitis associated with vaccination, variola and measles 
was dependent primarily on the distribution of the larger veins, and 
suggested the injection of a contrast-medium into the cerebral vessels, 
believing that it would be found that certain types of veins are more likely 
to be involved. While injecting human brains, we made the following 
observations which may have a bearing upon this and similar questions: 
when, in brains removed some time after death and in which the brain- 
substance has undergone some softening, hot carmine-gelatine solution is 
forced into the great vein of Galen under heavy pressure, extravasations 
may be produced, chiefly in the region of the angle of the lateral ventricle. 
These extravasations closely simulate the distribution and even the shape 
of plaques in advanced cases of multiple sclerosis. Some authors claim 
that the ventricular fluid plays a part in determining the localization of the 
disease, but it seems possible that the plaques may only be found in this 
area of the ventricular wall because they have a definite topographical 
relationship to the veins which are crowded together in the region of the 





290 B. SCHLESINGER 


lateral ventricular angle. Further, the flat plaques which are sometimes 
situated in the subependymal region above the ventricle can be accounted 
for by the presence of veins which run parallel to the roof of the lateral 
ventricle, in association with the callosal fibres. 


SUMMARY. 


(1) The occlusion of one small vein of Galen after splitting the posterior 
part of the corpus callosum in a series of monkeys produces a unilateral 
hyperemia in certain parts of the brain-stem and of the hemispheres on the 
operated side, and facilitates the investigation of the vessels draining the 
blood from this and the neighbouring areas. 

(2) The great vein of Galen drains partly the capillary network of the 
white matter of the cerebral hemispheres in the region of the lateral 
ventricle, the basal ganglia, and the chorioid plexus of the forebrain, but 
these structures can also be drained under certain circumstances by veins 
situated on the surface of the brain. 

(3) The Galenic system, therefore, is not an anatomical and much less 
a functional unit, and forms no exception to the general principle of the 
plexiform arrangement of the venous system. 

(4) In the more extensive areas of white matter, where the capillaries 
are scanty, large venous channels, referred to as intracerebral anastomotic 
veins, are present. They arise in the region of the angle of the lateral 
ventricle from the anterior horn backwards as far as the posterior horn, 
their distribution following the arrangement of the callosal fibres. They 
establish the main intracerebral connexions between the great vein of 
Galen and the veins on the surface of the brain. 

(5) No anastomotic veins were found in the basal ganglia where their 
absence may be related to the density and the richness of the capillaries and 
the larger vessels. 

(6) The distribution of the larger veins in the basal ganglia is described, 
and attention is called to differences in the angio-architecture of the 
thalamus. 

(7) The drainage areas of the great vein of Galen and the large veins of 
the brain-surface overlap to a very large extent, and widely separated areas, 
as for instance the pons, the frontal and occipital lobes, can be injected 
through the surface communication of this vein. 

(8) There was no hyperemia in the chorioid plexus and no hydro- 
cephalus as the result of the occlusion of the vein. There were, however, 
numerous hemorrhages in the head of the caudate nucleus, which were 
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analogous to hemorrhages observed in various clinical conditions related 
to a suddenly increased intravenous pressure. 

(9) Artificially produced perivenous extravasations of a contrast- 
medium closely simulate the shape and the distribution of plaques in 
advanced stages of multiple sclerosis. 


I wish to express my thanks to Professor Le Gros Clark at whose 
instigation this experimental study of the venous drainage of the brain was 
initiated, and under whose direction it was carried out. I wish also grate- 
fully to acknowledge the assistance of a grant from the Nuffield Committee 
for the Advancement of Medicine. 
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NEUROLOGICAL SEQUEL OF “ KERNICTERUS ”. 


BY G. M. FITZ GERALD,' J. G. GREENFIELD AND B. KOUNINE 
(From the National Hospital, Queen Square.) 


KERNICTERUS: DEFINITION AND ALTIOLOGY. 


Tue question of the relationship between diseases of the liver and certain 
brain lesions has not ceased to excite the minds of neurologists since the 
fundamental description by Kinnier Wilson of “ Progressive lenticular 
degeneration.” 

That such a relationship exists was suggested as early as 1875 by Orth 
who, in his investigation of severe neonatal jaundice, described a condition 
of the brain in which a yellow discoloration was localized to certain nuclei 
in the brain, brain-stem and cerebellum. The question of jaundice of the 
brain in children dying from severe neonatal jaundice was more extensively 
examined by Schmorl (1904) who gave pathological descriptions of two 
types of jaundice of the central nervous system. 

In the first of these, the systemic jaundice was associated with a diffuse 
golden colour of the whole brain substance. On section of the brain in 
this condition, small pinpoint areas of degeneration, known as Virchow’s 
fatty granular areas, were noted in the white matter. These areas, which 
were the size of a lentil and of a golden white colour macroscopically, were 
found on microscopical examination to consist largely of fatty granular 
cells. Under the microscope, the whole brain was found indiscriminately 
charged with a fine golden colour, while bilirubin crystals were present in 
the blood-vessels and cerebrospinal fluid. This type of jaundice of the 
brain, with which we are not here concerned, has been very seldom 
described in the literature since. In fact Moebius found it as occurring in 
only three cases out of 300 which had died from severe jaundice of the 
newly-born. 

The second type described by Schmorl, for which he coined the term 
“ Kernicterus,” was of the same nature as that noted by Orth. In it the 
yellow pigmentation is confined to very circumscribed areas. Of the 120 
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cases examined by Schmorl this condition was found in six. The yellow 
pigment was localized in his cases to the basal ganglia and medulla. Briefly, 
it may be said that though confined to the nuclear masses of the brain it 
was not present in them all. In every case the lenticular nucleus was 
involved with a tendency to spare the caudate nucleus and the thalamus. 
The subthalamic nuclei were particularly affected. Other structures which 
frequently showed this yellow discoloration were the cornu Ammonis, the 
dentate nuclei and the inferior olives. Some staining of the cranial nerve 
nuclei in the medulla and the dorsal grey matter of the upper spinal cord 
also occurred. 

Microscopically the ganglion cells in the areas pigmented looked glassy 
and homogeneous with a tendency towards cytolysis. The axis cylinders 
in these areas were also stained. 

Since 1904 cases of Kernicterus, a number of which have been confirmed 
on post-mortem examination, have been reported by Beneke (1907), 
Pfannensteil (1908), Esch (1908), Pfaltzer (1914), Hart (1917), Ylppo (1918), 
Palm (1915), Thorling (1921), Hawksley and Lightwood (1934), and 
Zimmerman and Yannet (1933). The last-named authors, in reporting 
with considerable pathological detail two cases of Kernicterus, made an 
analysis of the literature on this subject then available. 

Briefly, their findings led them to conclude that Kernicterus, far from 
being a disease sui generis, is associated exclusively with icterus gravis 
neonatorum, and that overt septic or obstructive jaundice play little part 
in its ztiology. They also reported that it was confined to severe jaundice 
of the newborn and that a case in adult life had not been confirmed. They 
enumerate the structures most frequently affected in order of severity as 
the subthalamic nuclei, the basal ganglia, the cornu Ammonis, the inferior 
olives, the dentate nuclei, the thalami and some of the nuclei of the cranial 
nerves in the medulla. In severe cases the grey matter of the upper 
cervical cord is affected also. They report that there was always degenera- 
tion of the ganglion cells in the areas pigmented and in fact that the 
intensity of the jaundice as noted with the naked eye ran parallel to the 
degenerative changes noted microscopically. 

There is little in this view that, in the light of recent knowledge, we 
can cavil at, though the sole association of Kernicterus with icterus gravis 
neonatorum is not acceptable. Recent additions to the literature by 
Biemond and van Creveld (1937) has made it clear that septic jaundice may 
be a cause, while Pasachoff (1935) has reported a case of congenital atresia 
of the bile ducts with erythroblastosis and Kernicterus. 

On the clinical side several siblings are frequently affected, the parturi- 
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tion being normal and the child being born healthy but developing severe 
icterus within the first few days. Symptoms referable to involvement of 
the central nervous system manifest themselves within the next twenty- 
four hours. The commonest of such symptoms are tonic and clonic move- 
ments going on to convulsions in some cases. 

Between these attacks there is usually a generalized hypertonia of the 
muscles with a tendency towards opisthotonos. Drowsiness and apathy 
with spells of hypotonia have been reported but not as invariable features. 
Children surviving the immediate illness: develop choreo-athetoid move- 
ments and emotional instability at or about the fourth week. Zimmerman 
and Yannet consider that sufficient evidence is not yet available on which 
a clinical diagnosis could be made but suggest that the following three 
criteria should be fulfilled before even a tentative diagnosis is permissible. 

(1) The child is normal at birth. 

(2) Jaundice develops before the second day. 

(3) Signs of involvement of the central nervous system are present. 
Hawksley and Lightwood (1934) consider this attitude a conservative and 
reasonable one. Fatal termination attends most cases by the fifth day after - 


the onset of the jaundice. 
In discussing the pathogenesis of Kernicterus the two primary problems, 
the zxtiology of the jaundice and that of the localization in the centres 


affected, must be considered separately. 

The question of the jaundice does not concern us here and it may be 
briefly pointed out that theories are as numerous as facts are scanty. In 
discussing icterus gravis neonatorum it has been held at one time or another 
that it is due to: (1) A primary dysfunction of the blood ; (2) liver intoxica- 
tion either maternal or foetal; (3) a foetal septicemia; (4) maternal 
intoxication. 

The consenus of opinion is in favour of the first of these suggestions, 
considerable evidence having in recent years been brought forward in its 
favour. It must be emphasized, however, that many writers on this subject 
think that the erythroblastosis which is commonly found in it may be 
secondary to hemolysis of a toxic origin. It has been shown that 
Kernicterus may be associated with jaundice from a number of causes, e.g. 
obstruction of the bile passages (Pasachoff (1935, Ylppé (1918)) and 
hepatitis (Biemond and van Creveld (1937)) as well as hemolysis, so that this 
question is not now so important as was thought at one time. 

The second question, namely, the localization of the pigmentation in 
certain areas, is of more immediate interest. Orth held the view that the 
jaundice in the brain masses was secondary to death of the cells from some 
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other cause. He believed that this occurred much as an intra-vital dye is 
taken up more easily by dead or dying cells than by living ones. The cause 
of the death of the cells in these areas has been variously attributed to: (1) A 
peculiar attraction of certain ganglion cells for the bile pigment, resulting 
in their death; (2) the pigmentation of the ganglion cells subsequent to 
their destruction by the bile salts (Orth) ; (3) the destruction of the ganglion 
cells by ischemia or birth trauma and their later pigmentation; (4) A 
congenital inferiority (maldevelopment) of brain acting as a predispos- 
ing factor in the localization of bile salts in the areas affected. 


EXPERIMENTAL STUDIES. 

The question of localized brain lesions in «ssociation with liver disease 
has been examined from the experimental point of view. In this field, the 
most important work has been done by Mella (1924), Pollak (1921), Fuchs 
(1914), and Crandall and Weil (1933). 

The work of Fuchs, using guanidine as a liver poison (also with an 
Ecks fistula), has made it clear that damage to the liver by itself is capable 
of producing nervous disease. Pollak, who examined these brains, noted 
true inflammation and dropping out of ganglion cells but was unable to 
show distinctive or circumscribed change. However, Mella, using intra- 
peritoneal injections of manganese, was able to produce in Macacus rhesus 
changes localized to the putamen and caudate nuclei. Here the neurons 
were shrunken and pyknotic, many having completely lost their nuclei- 
Scattered areas of mild gliosis with demyelination were also seer. Though 
the injections had been given intraperitoneally it is of interest tc note that, 
in two of the animals, fibrosis and hemorrhage had occurred in the livers 
and that these were the only organs, apart from the brain, in which any 
change could be seen. 

Crandall and Weil, using ligature of the common bile duct and an 
Ecks fistula as their method of choice, were able to cause in the rat a 
constant involvement of the corpus striatum. In one of their cases it was 
seen that the cornu Ammonis and the fascia dentata were similarly 
involved. Though the findings in experiments on dogs were not so constant 
nor localized, yet the mass of this experimental evidence goes into the 
balance in emphasizing the close connection which exists between lesions 
of the liver and of the brain and especially of the basal ganglia. 

In an effort to find a basis for the localization of the lesions so constantly 
noted C. and O. Vogt (1920) pointed to the difference in architectonic 
structure in various areas and postulated a “ physico-chemical pathoclisis ” 
as the differentiating agent. Spielmeyer (1930), not entirely satisfied 
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with this vague hypothesis, investigated the blood supply of different 
brain structures. From this he reported that the corpus striatum and 
cornu Ammonis have a relatively poor blood supply and this indicated that 
they might be expected to suffer first in diseases affecting the blood supply 
to the brain. 

Further work by A. Meyer (1936) has shown that the regions which 
have normally a rich iron deposit, e.g. the globus pallidus and the zona 
rubra of the substantia nigra, or calcium deposit, e.g. the anterior globus 
pallidus, inferior olives, dentate nuclei and cornu Ammonis, are the regions 
most commonly injured in anzmia of the brain whether it be from carbon 
monoxide, carbon dioxide or morphine poisoning. Further, he has shown 
that in rodents, in which the globus pallidus contains no iron deposit, this 
area is not susceptible to anzmia. 

Recently some evidence has been brought in favour of the view that a 
predisposing factor in the condition may be maldevelopment of the brain. 
It is known that when such a retardation has occurred the balance between 
the blood and the cerebrospinal fluid is upset. Biemond and van Creveld 
noted a lack of normal development in one of their cases, while Brouwer 
(1936), quoting three cases of Ten Rea’s, suggested that the same etiological 
factor played an important part. It has been a constant difficulty that 
though many children may die of severe jaundice only a small percentage 
show Kernicterus. In the light of the information available to-day, the 
hypothesis which best fits the facts seems to be one which includes a degree 
of mal-development as the primary factor responsible, while localization in 
the structure involved depends on a relative ischaemia of these areas. 


SEQUEL OF KERNICTERUS. 


The pathological description of all cases of Kernicterus up to 1935 was 
confined to children who had died during the acute illness and in whom 
the nuclei already noted were still stained yellow. Though it was felt that 
a number of children must have survived the neonatal attack, no patho- 
logical account of such cases was attempted until the above date when 
Zimmerman and Yannet described a case which had survived with signs 
of cerebral damage. Including this American case, only five cases have 
been reported which the post-mortem examination has proved to show 
sequelz of Kernicterus. Of these, four have been reported from Holland, 
two by Biemond and van Creveld and one each by Cornelia de Lange and 
by van Westrieren and de Lange (1937). 
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PERSONAL INVESTIGATIONS. 


The two cases on which we have carried out our pathological examina- 
tion show the sequele of Kernicterus while we consider that the third case 
also belongs to this group. The infants were severely jaundiced in the 
neonatal period and later showed symptoms referable to involvement of 
the central nervous system. 


Case 1.—We are indebted to Dr, B. Kounine for the clinical history of the 
earlier stages of the disease and for the opportunity of making a post-mortem 
examination in this case. 

There is no consanguinity of parents. The first child, male, now 7 years old, 
is mentally bright and well developed. This child, who was normal at birth, 
developed on the fifth day jaundice which persisted for three months. For the 
first six weeks he did not gain weight, while an unusually large and protruding 
abdomen was a conspicuous feature until the second year. 

The second child, a female (D. P.), was delivered on July 14, 1938, in a normal 
and easy manner. For the first few days she took the breast, but on the third day 
became jaundiced and refused to breast feed. After this she was given glucose and 
barley water. By the fourth day the jaundice had increased considerably and had 
intensified in colour. On the night of the fifth day the temperature rose to 105° F., 
the head became retracted, and convulsions, accompanied by screaming and vomit- 
ing, set in. In these convulsive attacks the child assumed a position of opisthotonos 
with the legs adducted, the knees partially flexed, and the feet inverted, On the 
following day the arms became involved with abduction and internal rotation at 
the shoulder joint ; they were flexed to a right angle at the elbow, the wrists were 
flexed and the fists clenched. On the afternoon of the sixth day, the diagnosis of 
familial jaundice was made and an injection of 10 c.c. of the father’s whole blood 
was given. On the following day the baby, when seen by another doctor, looked 
so ill that he advised against further treatment as he did not think the child could 
survive the brain injury. The father, however, insisted and another injection of 
15 c.c, of whole blood was given, after which the temperature fell to 102° F. and the 
retraction of the head and spasm of the neck diminished. Two more injections of 
5 c.c. of the father’s blood were given, after which the child improved remarkably. 
The temperature became normal, the jaundice disappeared and the spasticity greatly 
diminished by about a week after the first injection, Maximum improvement was 
noted by about the tenth day after the commencement of the treatment, though 
there was still considerable spasm of the neck and the fists remained clenched. A 
neurologist who saw the baby about this time did not discover any gross abnormality 
and gave a good prognosis. Physically, after this date, the child continued to 
develop normally, taking her feeds well and putting on weight. At the beginning 
of the eighth week, in addition to the retrocolic spasm which had persisted and the 
clenched fists, peculiar movements of the eyes in which the eyeballs rolled up and 
down began to occur. Though the child at this date seemed to take no notice of 
her surroundings she could follow a light when her head was supported. An 
ophthalmologist made the diagnosis of optic atrophy and blindness. The Wasser- 


mann reaction was negative. 
She was admitted to the National Hospital under Dr. Macdonald Critchley on 
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September 9, 1938. On examination, the child lay on her right side with her head 
thrown back and turned a little to the right. The skull was abnormal in shape, 
the occiput being prominent and jutting over the retrocolic muscles, which were 
in a state of spasm. The head, for this reason, could not be easily flexed. Some 
vision was present and the eye movements were full and normal. There was no 
squint, except in brief bouts, in which the eyes were rotated downward and inward, 
producing crossed strabismus. The other cranial nerves appeared normal. The 
upper limbs were still spastic, with the hands half clenched. No involuntary move- 
ments were seen, but the voluntary ones were clumsily carried out and lacking in 
vigour. The child resented interference and cried easily. 

Sensation was apparently normal. One day, while in hospital, the child had 
a series of tonic fits relieved by chloral. In these fits, the right side of the face was 


Fic. 1 (Case 1).—Section of the wage allidus stained by Nissl’s method, and 
showing great poverty of ganglion cells. Those that remain are shrunken. 


drawn up, the right arm and leg being extended. A position of opisthotonos was 
assumed, and the eyes rolled downwards and converged. A scream heralded the 
onset. At four and a half months the child died of an intercurrent infection at 
the Central Middlesex Hospital, where by the kindness of the Superintendent a 
post-mortem examination was carried out by Dr. J. G. Greenfield. 

Pathological examination.—The brain and cord appeared normal. On section 
the globus pallidus looked unduly white and shrunken. The spleen and liver were 
normal. 

The following methods were used in the histological examination ; Gros- 
Bielschowsky, Nissl, Loyez, Mallory’s phosphotungstic acid hematoxylin and iron 
hematoxylin with van Gieson on paraffin and celloidin sections, and scharlach R. 
on frozen sections. 
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Fics. 2 and 3.—Nucleus of Luys in Case | stained for neuroglial fibres by 
phosphotungstic acid hematoxylin. In the lower power view (fig. 2) the sclerosis 
is seen to be limited to the nucleus of Luys (N.L.) and globus pallidus (G.P.) and 
to the lines of the fibres connecting these across the internal capsule. In fig. 3 only 
astrocytic cells and fibres can be seen. No nerve cells are present in the area 


illustrated. 
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The globus pallidus on both sides was sclerosed. Its ganglion cells had almost 
completely disappeared, only sparse shrunken cells remaining and those chiefly 
at the poles (fig. 1). There was throughout this body a great excess of astrocytic 
nuclei with a fairly dense feltwork of neuroglial fibres. In the putamen, no definite 
abnormality could be made out; there was possibly a slight diminution of large 
cells. No neuroglial fibres could be seen except around the larger vessels. With 
the Gros-Bielschowsky and Loyez methods there was a considerable diminution 
in fibres in the central part of the globus pallidus though nowhere had they dis- 
appeared completely. In low power views, with myelin stains, this nucleus was 
obviously shrunken and pale. 

In the nucleus subthalamicus bilaterally no ganglion cells could be seen in the 
central three-quarters but a few were present in the inner and outer poles. The 
normal structure of the nucleus was replaced by fibrous astrocytes which had caused 
a dense sclerosis (figs. 2 and 3). In spite of the disappearance of ganglion cells 
a considerable number of myelin fibres were seen. Some of these fibres were beaded 
or had terminal knobs. 

All parts of the cornu Ammonis and fasciz dentatz were shrunken and sclerosed 
and in the Nissl picture the position of the various structures could only be delimited 
by the condensation of neuroglial cells and isolated neurons. A few neurons could 
be seen in the more anterior parts of the subiculum and also a few in the outer- 
most part of the fascia dentata at this level (fig. 8). Throughout the cornu Ammonis 
and the fasciz dentate there was dense feltwork of neuroglial fibres (fig. 9). 
Elsewhere in the cerebral cortex the only abnormality seen was that the neurons 
had a neuroblastic appearance with very small cell bodies. In the cerebellum 
there was still a well-marked outer granular layer. The internal granular layer 
and the Purkinje cells were normal. 

The red nuclei, the substantia nigra bilaterally, the inferior olives, the dentate 
nuclei of the cerebellum and the grey matter of brain stem were normal. In the 
spinal cord the neurons had a normal appearance. In Weigert-Pal preparations 
the pyramidal tracts showed the pallor normal at this age. 


Case 2.—The brain of this case was sent to the laboratory of the National 
Hospital by the kindness of Dr. Branford Morgan from the Jenny Lind Hospital 
at Norwich. It was from a female child aged one year. This was the third child 
of a family of three, the second child of which had died “sometime after birth 
with an enlarged spleen.” The child, who was normal at birth, developed jaundice 
on the third day and became within the next few days so profoundly affected 
that the doctor in attendance thought there was congenital atresia of the bile ducts. 
However, the jaundice gradually disappeared. By the eighth week the child appeared 
weak, pale and poorly nourished. Shortly after the onset of the jaundice the child 
developed symptoms suggestive of involvement of the basal ganglia. Later rigidity 
of all four limbs with adductor spasm of the legs became a prominent feature of 
the picture. 

Pathologically, on section, the basal ganglia and particularly the globus pallidus 
appeared shrunken and white. Similar histological stains were used as on the 
brairi of the previous child. Microscopically, a greater number of ganglion cells 
were spared in the globus pallidus than in the previous case but those present were 
again shrunken. The tendency noted in the previous case towards preservation of 
cells at either pole was also present. There was an excess of astrocytes without an 
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Fic. 4 (Case 2).—Section stained for myelin to show the relative pallor and 
shrinkage of the globus pallidus which normally stains more darkly than the 
putamen. 


CA OA RET OI MLE ELD | BOOM OT ee DN te 
Fic. 5 (Case 2).—Nissl’s method. The nucleus of Luys (N.L.) consists of small 
neuroglial nuclei except in its postero-lateral aspect where it is encroached on by 
the large nerve cells of the zona incerta (Z.1). 
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overgrowth of neuroglial fibres. In sections stained for myelin the globus pallidus 
looked generally paler than the putamen but, when examined under higher 
microscopic power, a considerable number of myelin fibres were seen to course 
through it (fig. 4). 

The nucleus subthalamicus was remarkably shrunken and had undergone dense 
neuroglial sclerosis. It was almost entirely devoid of ganglion cells and in its lateral 
aspect seemed to be encroached upon by the zona incerta which was normally rich 
in ganglion cells (fig. 5). Most of the ganglion cells of the cerebral cortex had a 
rather small ragged cell body in which it was found impossible to stain Nissl 
bodies ; an appearance which suggested post-mortem change occurring in nerve 
cells which had not yet attained their full differentiation. 

In sections through the anterior end of the cornu Ammonis and fascia dentata 
(Band of Giacomini) on both sides the latter was seen to be represented by an 
irregular band of neurons, in some places only one to two cells thick. The pyramidal 
cells of the cornu Ammonis appeared to be somewhat rarified at this level. Rather 
further back the fascia dentata was represented by short bands of cells isolated from 
one another (fig. 7) ; for the rest the majority of the cells had disappeared though 
isolated cells remained. The pyramidal layer of the cornu Ammonis at this level 
was indicated by isolated neurons and a condensation of astrocytic nuclei. In 
passing further backwards only the latter could be seen. At all levels there was a 
slight increase of neuroglial nuclei, without definite sclerosis internal to the fascia 
dentata. 

The substantia nigra bilaterally, the red nuclei, the inferior olives, the dentate 
nuclei of the cerebellum and the grey matter of the brain stem were normal. 

Case 3.—F.B., male, aged 9 years, was admitted to the National Hospital on 
June 19, 1939, under the care of Dr. Purdon Martin to whom we are indebted for 
permission to record the case. He is the third child of three normal pregnancies. 
His elder brother is aged 18 and healthy, while his sister died at 7 years of “ acute 
heart failure.” 

F. B. was born at full time as a normal vertex presentation. For two days after 
birth he took his feeds of glucose and water well but on the morning of third day 
his skin appeared faintly yellow and deepened to a marigold colour by that evening. 
He now refused food and the doctor who was called in regarded the child as beyond 
hope. No treatment was prescribed. The motions at this time were foul and of a 
fatty colour, while the urine was wine coloured and stained the napkins. 

This severe jaundice, with the putty coloured stools and dark urine, lasted for 
a year. At 9 months of age, when brought to the Hospital for Sick Children, he 
could be described as iris coloured. 

The child made no effort to walk or talk until 3 years of age and, during this 
period, it was found impossible to sit him up in bed as his back was inclined to 
“ give way” suddenly. While nursing him on her arm, the mother noted that his 
head appeared too heavy for his body and necessitated separate support. 

From the end of the first year, until the fifth year, he was troubled with 
periodical vomiting. At this age it gradually ceased. The vomited material 
consisted of a green, frothy fluid, while the child appeared perfectly well both before 
and after the attacks. 

Between the fourth and fifth year, the mother noticed certain involuntary move- 
ments. While nursing him he would suddenly’ straighten out his back with such 
violence that he almost “ jumped out of her arms.” The upper limbs commenced 








PLATE VII. 


Fic. 6.—Section of normal cornu Ammonis and fimbria, stained by Nissl’s 
method. The level of section corresponds to that in figs. 7, 8 and 9. 


Fic. 7 (Case 2).—Section of cornu Ammonis, stained by Nissl’s method. A 
few cells of the fascia dentata are preserved. The rest of the fascia dentata and 
the pyramidal cells have almost completely disappeared, and astrocytic nuclei have 


taken their place. 


To illustrate article by G. M. Fite Gerald, J. G. Greenfield and B. Kounine. 





PLATE VIII. 


Fics. 8 and 9 (Case 1).—Sections from the same celloidin block of the cornu 
Ammonis and fimbria, stained with Nissl’s method (fig. 8), and with phosphotungstic 
acid hematoxylin (fig. 9). The pyramidal cells and Tonks dentata have reer 4 mayen 
completely except for a few cells of the fascia dentata at the point indicated by the 
arrow in fig. 8. There is dense neuroglial sclerosis throughout the cornu Ammonis, 
especially in the lines of the fibres. 


To illustrate article by G. M. Fitz Gerald, J. G. Greenfield and B. Kounine. 
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to wave about in an irregular manner. She believes that his lower limbs were 
stiffer then than they are at present. 

The family history of the father and the mother was essentially negative. 

Examination.—The child, when at rest, appears a normal, well developed boy 
of 9 years. This resting posture is never long maintained, being disturbed by 
constant irregular movements, most marked in the face, neck and upper limbs ; 
the lower limbs are least affected. While at rest, his face and particularly his eyes 
bear out the mother’s opinion that he is mentally sound. It-has been claimed that 
he can speak but, except for very occasional words, this is not true when with 
strangers. As his chief mode of expression he relies on pantomime, at which he 
is adept. His sense of humour is boyish and acute and there is little evidence of 
any emotional instability. He is clean in his habits, with full control of his sphincters 
which he gained at the age of 9 months. 

Movements of the face and neck and upper limbs.—For purposes of description 
these movements have been separated into their component parts but, in life, they 
are mixed in an altogether irregular manner. 

(1) The lips purse together and are sucked in, and this is followed by an effort 


to chew either the lower or upper lip. 
(2) A strong effort to swallow, which includes an extensive out-thrust of the neck 


and a closure of the eyes. 

(3) Retraction of the lips in a toothy smile, followed by a rhythmic chewing 
movement of the jaws, with a tendency towards sialorrhea. 

(4) A flexion and extension movement of the neck often performed with 
considerable violence. 

The upper limbs.—The elbows are extended, forearms pronated, wrists flexed, 
Ist phalangeal joints flexed or extended with the 2nd and 3rd phalangeal joints 
flexed. There are large callosities on the dorsal aspect of both hands, evidently 
caused by pressure when the child is attempting to move around in a sitting posture. 

The spontaneous, irregular movements, apart from the general restlessness of 
the limbs, appear limited to the hands. 

The chief movements here are full extension of fingers at the Ist phalangeal 
joint followed by extension and abduction of 2nd and 3rd joints. Finally, these 
fingers become adducted and fully flexed at the 2nd and 3rd joints. The full 
range of movements takes from three to five seconds. These movements are 
irregular, and though suggestive of athetoid movements, are not classically of this 
type. 
The lower limbs.—The lower limbs, while in bed, appear to be more constantly 
at rest than the upper limbs or face. They lie extended at the hips and knees, 
with marked extensor spasm of the feet. The movements which occur are irregular 
flexion of the legs and knees, with some fanning of the toes. Once or twice in an 
hour, a more violent clonic spasm supervenes, with the heels beating in rhythm 
on the bed. 

Thus a general description will include grimacing movements of the face, 
irregular “snake charming” movements of the hands, associated with restlessness 
of the upper limbs and extensor movements of the lower limbs. Occasional violent 
movements, in which the child is thrown in a position of opisthotonos, add to the 
general complexity of the picture. 

Walking.—The child can make no effort to walk unassisted and when held up 
under the arms he dances with uncontrolled irregularity and violence, with arms 
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and legs thrown about regardless of what may be in the way. The picture is 


suggestive of a tight rope walker losing his balance. 

Owing to the involuntary movements and some lack of co-operation, the physical 
findings were limited. 

Physical examination—The cranial nerves are all normal. Sensation to pin- 
prick is everywhere appreciated. No localized weakness can be made out. A 
certain degree of hypotonia of the neck is evident. The upper and lower limbs 
are rather hypertonic but the degree of this is difficult to estimate. 

Reflexes: The tendon reflexes are everywhere brisk, the plantars doubtfully 


extensor. 
The abdomen is normal. There is no increase or decrease in liver or splenic 


dullness. 


LiTERATURE REFERRING TO SEQUELZ OF KERNICTERUS. 

Attention must be drawn to two cases described in the German 
literature before Zimmerman and Yannet’s original report of this condition 
in 1935, by Hoffman and Hausmann (1936) and Burghard and Schleussing 
(1933). The former of these reports concerns a child who had survived for 
three and a half months after severe neonatal jaundice. The onset of the 
jaundice was not until four days after birth. The clinical picture shortly 
after the onset of the jaundice consisted of “ fits,” with loss of consciousness, 
clonus of the facial musculature, spasm of the extremities and opisthotonos. 
When examined at two months a general increase of the tone of the muscles 
with exaggerated tendon jerks was the most prominent feature. Patho- 
logically, there was no staining of the basal ganglia or other grey matter, 
while microscopically the pons, thalamus, globus pallidus and striatum 
showed perivascular round-celled infiltration. In the case of Burghard and 
Schleussing the child died at three months. Clinically, the jaundice com- 
menced within the first twenty-four hours. Retroflexion of the head with 
yellow discoloration of the cerebrospinal fluid was noted by the fifth day. 
The jaundice commenced to clear up by the eighth day with some improve- 
ment in the general features. The child remained subject to attacks of 
unconsciousness alternating with periods of emotional instability until he 
died. Another feature of the case was the clenched hands and the mask- 
like facies. An encephalogram, taken shortly before the infant died, gave 
evidence of hydrocephalus interus. 

Post mortem, the brain was found to be of a general grey golden colour ; 
though the yellow pigment was scattered diffusely it was particularly 
obvious in the globus pallidus, subthalamic nuclevs and cornu Ammonis 
bilaterally. 

In the white matter, small millet seed softenings were seen which, 
microscopically, were identical with Virchow’s fatty granular areas. 





NEUROLOGICAL SEQUELZ OF “ KERNICTERUS ” 305 


These cases have been quoted frequently in the literature since 1935 
as belonging to the chronic Kernicterus group, but it must be doubted if 
this is a correct view to take of them. In Hoffman and Hausmann’s case 
the jaundice did not develop until four days after birth, certainly an 
atypical finding. Apart from this, it has repeatedly been emphasized that 
it is extremely difficult to diagnose such cases ante mortem while the 
pathological findings of “ perivascular round-celled infiltration,” a picture 
never since described in the condition, should be enough finally to decide 
against its inclusion in this group. Zimmerman and Yannet included - 
Burghard and Schleussing’s case in their account as an intermediate type 
between the acute and chronic Kernicterus. That this view is correct must 
also be queried. We feel that, with a clinical picture which includes 
staining of the cerebrospinal fluid and hydrocephalus internus in association 
with a pathological one including diffuse yellow pigmentation and Virchow’s 
fatty granular areas, it belongs rather to group I of Schmorl in which he 
noted generalized yellow discoloration and similar small areas of degenera- 
tion. 

In the analysis of the five previous cases of sequele of Kernicterus on 
which post-mortem examinations have been recorded too great importance 
cannot be paid to the fact that the pathological findings depended on the 
severity of the initial attack and also on the length of time the child 
survived. Thus there is no real anomaly in the various clinical and patho- 
logical accounts, which differ in detail] though they are basically similar. 

These five previous cases have been reported from America and Holland, 
the Dutch ones by Biemond and van Creveld, C. de Lange and Anna van 
Westrieren and C. de Lange. 

Clinically, these children presented a varied symptomatology, though 
in all cases some evidence of involvement of the extrapyramidal system, 
such as choreo-athetoid movements and rigidity, were manifest. Invariably 
also a marked degree of mental retardation, in many cases approaching 
the idiot class, was present. Actual blindness or a severe defect in vision has 
been frequently reported. 

Anomalous features confusing this clear cut issue have been noted in a 
number of these reports. Biemond and van Creveld stated that the rigidity 
in one of their cases was of the clasp-knife type more suggestive of involve- 
ment of the pyramidal tracts than of a deficiency in the extrapyramidal 
system. C. de Lange noted that movements seemed to lessen the rigidity 
and that when the child was held up under the arms adductor spasm with 
actual crossing of the legs could be seen. A finding which she noted also 
was that the child suffered from periods of excessive motility alternating 
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with periods of somnolence. In two of the five cases emotional instability, 
such as bouts of crying, without an apparent cause, was recorded. 

The pathological picture also varies to some extent, but again certain 
features are common to all reports. 

Macroscopically, it was seen on section of the brain that the structures 
which are stained yellow in Kernicterus were shrunken and pale. 

Histologically, marked loss of ganglion cells and demyelination in the 
lenticular nucleus has been reported as an invariable finding. C. de Lange 
and Biemond and van Creveld localize the maximum involvement to the 
globus pallidus. On the other hand, Zimmerman and Yannet and Anna 
van Westrieren and C. de Lange indicate that, in their cases, the putamen 
showed the greater lesion. Such differences are only in degree: all authors 
agree that both the globus pallidus and putamen show some loss of ganglion 
cells and demyelination. A more prominent and universal feature was the 
marked dropping out of cells and demyelination in the subthalamic nuclei. 
Almost all the descriptions note also a slight increase in the glial fibres in 
the affected areas. Only two of the five authors report on the condition of 
the cornu Ammonis and fascia dentata but both report a loss of ganglion 
cells. A. van Westrieren and C. de Lange noted that the anterior nucleus 
of the thalamus, and especially the centro-median nucleus of Flechsig, 
showed a change corresponding in type to the one already described as 
typical for the basal ganglia. The American authors, in addition to their 
other findings, noted patchy degeneration of the optic nerves and pallor 
of myelin staining in the lateral columns of the cord. In their case also, 
the lateral nucleus of the thalamus, and the mamillary infundibular 
nucleus of the hypothalamus bilaterally, were deficient in ganglion cells. 
There was a paucity of ganglion cells in the red nuclei and they were unable 
to identify the substantia nigra. These additional pathological features 
have not since been reported in the condition. 

The sequence of findings relating these cases to acute Kernicterus is 
complete. A history of severe jaundice shortly after birth was given in all 
accounts and in many cases several siblings were affected. The onset of 
the jaundice was rapidly followed by such nervous symptoms as tonic and 
clonic movements, muscular rigidity and opisthotonos alternating with 
periods in which the muscles are quite flaccid. Later, if the child survived, 
and usually within the first four weeks, choreo-athetoid movements 
appeared. As the child grew older, emotional instability, mental retarda- 
tion and inability to hold the head up became evident. 

Pathologically, the evidence is still more conclusive. The same regions 
bear the brunt of the affection in both conditions. The chief regions pig- 
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mented in Kernicterus are the basal ganglia, subthalamic nuclei, cornu 
Ammonis and fascia dentata and to a lesser extent the inferior olives and 
the dentate nuclei of the cerebellum. In the more affected of these regions 
loss of ganglion cells and demyelination has been consistently reported in 
the cases which we believe to belong to the group of sequele of 
Kernicterus. 

In considering the question why the involvement of the brain is less 
in the chronic than in the acute cases it must be borne in mind that severe 
icterus of the newborn is a disease with a high mortality and that it is 
reasonable to expect that only the least affected children should survive. 
It must also be considered that though most of the pigmented ganglion 
cells are dead we cannot be sure that some may be less injured and can 
regenerate when the noxious influence is removed. 

Though in this account we are not attempting to correlate the clinical 
with the pathological findings, it is interesting to note that, although maxi- 
mal destruction of the subthalamic nuclei has been an invariable feature of 
the cases examined, nothing approaching the syndrome of the corpus 
Luysii has been observed in them. This may be due to the accompanying 
involvement of basal ganglia. 


RELATION OF KERNICTERUS TO OTHER Forms or Nervous DIsEASE. 

Any possible relationship between Kernicterus and its sequela and other 
diseases of the nervous system is of interest. 

Wilson in his original paper on “ Progressive Lenticular Degeneration ” 
suggested that a relationship might well exist between Kernicterus and the 
condition which he described. In favour of this he cited the fact that there 
was a circumscribed lesion in both conditions ; in both, the liver appeared 
to play an important part, and that, among his twelve cases of lenticular 
degeneration, jaundice was a feature in two and clinical evidence of liver 
disease was noted in one. 

Brouwer (1936), in reviewing the association of diseases of the spleen, 
liver and brain, discounts such a connection as that suggested by Wilson 
on the grounds that no lesion in any way related to the cirrhosis of the 
liver found in hepatolenticular degeneration had been reported as occurring 
in Kernicterus. This basis for rejecting the suggestion is no longer tenable 
since cases of Kernicterus began to appear in which some degree of cirrhosis 
was noted. Biemond and van Creveld found it in one of the livers they 
examined, while Hawksley and Lightwood found it in seven of their cases. 
It was formerly thought also that the brain lesions in hepato-lenticular 
degeneration were very selective, confining themselves to the corpus 
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striatum. That this is not entirely true has been shown by Greenfield, 
Poynton and Walshe (1926), and others who have noted more diffuse lesions 
in the brain. This evidence helps to bring Wilson’s disease more directly 
into line with Kernicterus. 

Meyer and Earl (1936), in their study of lesions in the basal ganglia in 
defectives, suggest that a closer study of Kernicterus may yield some evi- 
dence concerning the etiology of Status dysmyeliniatus (Hallervorden-Spatz’ 
Disease). In this disease the most striking features are a symmetrical and 
selective demyelination and glial sclerosis with loss of ganglion cells in the 
globus pallidus, substantia nigra and subthalamic nuclei. A well-marked 
yellowish brown pigment is found in the glial cells of the globus pallidus. 
The dentate nuclei, inferior olives and the white matter of the cerebrum 
and cerebellum were less affected. Between this complete picture found 
only in the most advanced cases and a pure degeneration of the globus 
pallidus and zona rubra of the substantia nigra all variations and grades 
have been described. The structures affected in this disease connect it with 
Kernicterus though no jaundice or lesion of the liver has yet been reported 
in it. 

Paterson and Carmichael (1924) described a form of familial cerebral 
degeneration chiefly affecting the lenticular nuclei. Nora Schuster (1925) 
confirmed this with a similar case. Clinically, the condition is characterized 
by anorexia, amentia, amaurosis and muscular weakness which develop 
after three months of normal life. The original paper laid emphasis on 
severe changes in the cortical cell layer, combined with foci of degeneration 
and disappearance of nervous elements in the lenticular and caudate nuclei, 
and in the genu of the internal capsule. Schuster, in confirming these latter 
changes, did not find any marked difference in the cortical cell layers from 
the normal. In the original publication it is pointed out that, in the family 
from which the two cases were obtained, all the children which lived over 
a few days became jaundiced. This jaundice was never severe and was not 
recorded in the history of Schuster’s child. The distinctions between this 
condition and the sequelz of Kernicterus, both on the clinical and patho- 
logical side, is obvious. It may, however, bear some relation to Schmorl’s 
first type of cerebral degeneration associated with neonatal jaundice. 

An idiopathic and degenerative type of dystonia musculorum deformans 
is known to affect children. Among others Davison and Goodhart believe 
that this is not a disease sui generis but rather a symptom complex depend- 
ing on a varied pathological picture. They note that, in their cases, the 
structure most severely affected was the striatum. These changes consisted 
of shrinkage, status mormoratus in three cases and status fibrosis in another. 
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In the clinical description dystonia musculorum deformans is not unlike 
the sequelz of Kernicterus and, as it is agreed that it rests on no standard 
pathological findings, it becomes important to inquire into a possible 
history of severe neonatal jaundice in such cases. 

A number of these suggested relationships may be premature but 
become of interest when it is remembered that probably 25 per cent. of 
children suffering from gravis icterus neonatorum survive and that since the 
introduction of the modern treatment of the condition this percentage, far 
from declining, must be on the increase. It is also possible that lesser 
degrees of neonatal jaundice give rise to lesser degrees of brain damage. 
In an analysis of the cerebral sequele of severe jaundice of the newborn 
undertaken in America by Klingman and Carlson (1937) 675 cases of defec- 
tives were examined, in 45 of which a history of jaundice was given. These 
cases were clinically heterogenous. 

A similar investigation, though by no means so extensive, was carried 
out by Colver (1938) at the Great Ormond Street Hospital for Sick Children. 
Of nine cases which had survived from a total of fifty with neonatal jaun- 
dice, one became mentally deficient, one a mild hemiplegic and one died of 
bronchopneumonia. That is, on this limited number, over 20 per cent. 
showed residual nervous symptoms. With these facts in mind, the possi- 


bility of nervous sequelz of Kernicterus being more numerous than perusal 
of the literature might lead one to imagine, cannot be lightly dismissed. 


CONCLUSIONS. 

Many cases of disease of the extra-pyramidal system occurring in 
children appear to have little relation to Kernicterus. Nevertheless, when 
these symptoms develop during, or shortly after, an attack of severe 
jaundice the diagnosis becomes probable. In every case in which the 
clinical diagnosis has been confirmed on post-mortem examination the 
jaundice has appeared within the first three days in a child who appeared 
normal at birth. 

In the pathological examination of these cases degeneration has been 
limited to the nuclei most deeply affected in Kernicterus, i.e. subthalamic 
nuclei, lenticular nuclei and the cornu Ammonis. 


SuMMaRY. 
(1) The literature of Kernicterus and its sequelz is reviewed. 
(2) Three additional cases of sequelz are reported, two with pathological 


examinations of the nervous system. 
(3) An account of the clinical and pathological evidence on which a 


diagnosis of the condition may be made has been summarized. 
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FALSE DIVERTICULUM OF A LATERAL VENTRICLE 
CAUSING HEMIPLEGIA IN CHRONIC INTERNAL 
HYDROCEPHALUS. 


BY D. W. C. NORTHFIELD AND DOROTHY S. RUSSELL * 


(From the Department of Neuro-Surgery and the Bernhard Baron Institute of 
Pathology, the London Hospital.) 


Rupture of the ependyma at some point of the ventricular system, 
permitting the escape of cerebrospinal fluid into the surrounding tissues, 
may occur in chronic internal hydrocephalus. If such a rupture allows the 
fluid to reach the leptomeningeal spaces or to escape by the nose, pressure 
may be relieved with a consequent remission of symptoms (Meyer, 1905; 
C. de Lange, 1929 ; Globus and Silbert, Case 2, 1931). Alternatively the 
rupture may result in the formation of a false diverticulum of variable size 
which constitutes an outer sac in the centrum semiovale. In this paper we 
describe two such cases where the diverticulum caused destruction of the 


pyramidal tract and hemiplegia. 


Case 1.—Left hemiplegia. False diverticulum of right lateral ventricle. 
Chronic internal hydrocephalus. Chronic traumatic leptomeningitis. Birth 


injury. 

C. P., a boy aged 5 years and 9 months, was kindly referred by Mr. Whitchurch 
Howell on account of enlargement of the head and a left hemiparesis. He was born 
in 1929 as a vertex presentation at full term, and, although the second child, labour 
was prolonged and difficult. The second stage lasted two days, delivery being 
instrumental under a general anesthetic. The child’s eyes were blackened and 
they did not open for six weeks, and the head looked misshapen. At the age of 
6 months he was taken to the Out-Patients’ Department of the Queen’s Hospital for 
Children on account of the size of the head, which measured 46-6 cm. in circum- 
ference (normal average 42 cm.). From 1930-1935 the child was under the care 
of Dr. Harris at St. Bartholomew’s Hospital, and we are indebted to him for 
the clinical records during that period. Development was slower than usual, for the 
boy did not walk until the age of 24 years, nor talk until 314 years old, speech being 
slow but distinct. His head steadily increased in size with abnormal rapidity. 
Shortly after he was 3 years old he fell, causing a swelling of the right side of 
the head ; there was no loss of consciousness and the swelling subsided. Later 
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in that year it was noticed that he always held a book to the right of the middle 
line. When he was nearly 5 years old walking gradually became difficult owing 
to ataxia and spasticity of the limbs, but the plantar responses at that time were 
still flexor. About five months before admission to hospital his mother noticed 
that he dragged his left leg, that the left arm was getting weak, and that the right 
arm trembled. During the last year or so his head had occasionally ached, but 
this was not a prominent symptom. 

He was admitted to the Queen’s Hospital for Children on October 14, 1935, 
when the following physical signs were present. The head was very large, its 
circumference measuring 60-5 cm. (normal average 51 cm.) and the right side 
appeared to bulge a little ; the fontanelles were closed ; Macewen’s “ cracked pot 
sound ” was elicited. The boy carried his head laterally flexed and rotated to the 
right. Low-grade papilloedema with some secondary atrophy was present ; tests of 
vision were not accurate, but the acuity seemed fair and no hemianopia could be 
detected. The left pupil reacted well to direct light, but the right poorly ; the con- 
vergence reflex could not be obtained. There was a right divergent concomitant 


Coarse lateral nystagmus was evoked when he looked to the right ; 


strabismus. 
A severe 


there was complete absence of conjugate deviation of the eyes to the left. 
left spastic hemiparesis was present, with exaggeration of the tendon reflexes on 
that side ; all abdominal reflexes were diminished ; ankle clonus and an extensor 
plantar response were present on each side, but more marked on the left. Sensory 
tests were not very dependable ; pin-prick, however, was resented less over the left 
side than over the right side of the body and limbs. He could not walk but he 
could sit up in bed and feed himself, and he had full control of the sphincters. He 
was a little backward mentally, but talked intelligently. General physical develop- 
ment was good ; he was not obese ; there was no polyuria and the urine was normal. 
There were no signs of disease in other systems. 

Radiograms of the skull demonstrated the changes characteristic of chronic 
hydrocephalus, without giving any clue as to the cause. The angle between the 
floor of the anterior fossa and that of the posterior fossa was flattened, suggesting 
an early stage of “ basilar impression.” 

The pressure of the cerebrospinal fluid in the ventricles was zero, and the fluid 
contained | cell per c.mm. and 20 mg. per cent. of total protein. The Wassermann 
reaction of the mother’s blood was negative. 

It was felt that simple obstructive hydrocephalus due to stenosis of the aqueduct 
of Sylvius or to lepto-meningeal adhesions as a result of the birth trauma would 
not account for the hemiparesis, and a diagnosis of tumour was made. A right 
frontal astrocytoma, or tumour of the brain-stem or of the cranio-buccal pouch, were 
considered as possibilities. 

Dye injected into one lateral ventricle was rapidly recovered from the other, 
but did not reach the lumbar theca at the end of an hour. Ventriculography 
demonstrated grossly dilated lateral and third ventricles, without deviation of the 
septum lucidum or of the third ventricle from the middle line (fig. 1). The pos- 
terior part of the right lateral ventricle and the right occipital horn were markedly 
displaced upwards and outwards (fig. 2). In the lateral view a narrow shadow which 
crossed the posterior part of the right lateral ventricle obliquely was not explained. 
The appearances were attributed to a tumour in the right occipital lobe, possibly 
arising from the tentorium. ' 

On November 12, 1935, an exploratory right parieto-occipital craniotomy was 
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Fic. 1.—Case ].—Ventriculogram in occiput-up position. 


Fic. 2.—Case 1. Lateral ventriculogram: right side uppermost. 
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performed. In order to approach the suspected tumour through the dilated ventricle, 
an oval piece of thin cortex about 4 cm, in diameter was excised from the parietal 
region. This effected an opening into a cavity which was mistaken for the ventricle, 
but was, in fact, a diverticulum of the ventricle. One could identify what appeared 
to be the surprisingly narrow body of the ventricle, and a wide prolongation—its 
temporal horn. Exploration with a needle did not reveal any tumour, and copious 
amounts of fluid were obtained when the needle passed medially or caudally ; this 
fluid must have come from the subjacent ventricle. The tentorium was free from 
tumour. The child survived the operation but died about a month later from 
unrelieved hydrocephalus. The operative and ventriculographic findings remained 
conflicting, and the child was considered to have a brain-stem tumour. 


Our thanks are due to Dr. O’Flynn for the report of the cerebrospinal 
fluid and for the pathological material now to be described. 


Examination of brain (P.M. 534. 1934 Appendix).—The brain, hardened in 
formaldehyde, was symmetrically enlarged, being 51-5 cm. in circumference. The 
leptomeninges over the cerebral convexities were transparent and moderately 
engorged, the underlying convolutions broad and flat. There was slight greyish 
thickening and conspicuous orange-brown pigmentation of the leptomeninges over 
the basal cisterns, the inferior surface of the cerebellum and the proximal ends of 
the Sylvian fissures. The cisterna magna and foramen of Majendie were obliterated 
by tough, matted grey tissue which extended as a less dense layer over the dorsal 
aspect of the mid-brain to the pineal body. The fourth ventricle was greatly dilated 
and there was orange pigmentation of the ependyma in the left lateral recess and 
hinder end of the ventricle. The Sylvian aqueduct was considerably dilated, measur- 
ing 0-6 by 0-5 cm. in transverse section at the level of the anterior corpora quadri- 
gemina. The third ventricle was greatly dilated and its ependyma studded with 
pinhead granulations. The foramina of Monro were symmetrically enlarged, 
measuring 1-7 cm. in diameter. The septum pellucidum was reduced to a narrow 
fringe of tissue beneath the fornix. Both lateral ventricles were greatly dilated and 
their choroid plexuses atrophied. On the right side a diverticulum with smooth, 
glistening, opaque white walls formed an outer compartment over the dorsal and 
lateral aspects of the ventricle (figs. 3 and 4). It extended posteriorly to a point just 
beyond the tip of the occipital horn, ventrally to overlie the temporal horn and 
anteriorly beneath the Rolandic fissure to end in a vertical slit (3 by 0-9 cm.) com- 
municating with the cavity of the ventricle. The extent and relations of the diver- 
ticulum are illustrated in fig. 5. As shown in this diagram a second communication 
(1-4 by 3-0 cm.) between the ventricle and diverticulum was present over the tip 
of the temporal horn. 

Coronal sections of the brain showed that the combined volume of the ventricle 
and diverticulum on the right was approximately equal to the volume of the left 
lateral ventricle (fig. 4). The septum dividing the diverticulum from the ventricle 
was from 0-1 to 0-4 cm. thick and was everywhere composed of moderately firm, 
rather congested white matter. 

Microscopic examination.—The leptomeninges over the brain-stem and posterior 
surface of the cerebellum were moderately thickened by fibrosis. They were infil- 
trated sparsely with polymorphonuclear leucocytes and small lymphdcytes, and 
more densely with large mononuclear cells containing abundant granules of iron 





Fic. 3.—Case J. Coronal 


Fic. 4.—Case /. Coronal section of brain through occipital lobes. 
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pigment. Similar pigment was present in conspicuous amounts in the cytoplasm 
of astrocytes forming the marginal glia over the brain-stem, upper cervical cord 
and in the superficial layers of the cerebellar cortex at the summits of the folia. 
There was an increase in the glia in these areas, especially in those of the cerebellar 
cortex, and here it was accompanied by destruction of the Purkinje cells and, in many 
foci, of the granule cells also. 


Fic. 5.—Case |. Diagrams to show relations of diverticulum to right lateral 
ventricle. 


There was loss of the ependyma at many points in the ventricular system, the 
denuded areas often being occupied by granulations of the subependymal glia, 
which was everywhere appreciably thickened. There was occasional infiltration 
with small lymphocytes of the Virchow-Robin spaces of the subependymal blood- 
vessels. Groups of lymphocytes and of monocytes containing iron pigment were 
present in places upon the surface of the lateral ventricles and similar pigment 
formed a fine powder within the epithelial cells of the choroid plexuses. The lining 
of the diverticulum was devoid of ependymal cells, being composed of fibrillary 
neuroglia of loose texture unevenly infiltrated with foam-cells and groups of small 
lymphocytes. There was a complete loss of myelin in this border zone but the 
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demarcation between it and the adjacent white matter was not sharp. The lining 
of the diverticulum was occasionally coated with a thin layer of collagen fibres, such 
an area being observed, for example, near the more dorsal orifice of the diverti- 
culum. 

Sections through the mid-brain, medulla oblongata and the first cervical segment 
stained with Loyez’ hematoxylin show advanced degeneration of the right 


pyramidal tract. 


Case 2.—Left hemiplegia. False diverticulum of right lateral ventricle. 
Chronic internal hydrocephalus. Acute and chronic leptomeningitis. 


E. L., a girl aged 2'4 years, was admitted to the London Hospital on December 6, 
1934, under the care of Dr. Maitland Jones—to whom we are grateful for the 
clinical records—on account of enlargement of the head and left spastic hemiplegia. 
The child was born at full term and the delivery was normal. The head was noticed 
to be a little large. The baby thrived on the breast, and was weaned at 10 months. 

At the age of 9 months the child was feverish and screamed for two weeks. 
There was no vomiting and no pyrexia, and the appetite was said to be normal. She 
completely recovered from this disturbance, although her head steadily increased 
in size more rapidly than normal. Just after her first birthday she was able to walk. 
At the age of 2 years and 3 months there was an illness similar to the previous one, 
lasting two weeks, called “ meningitis,” and characterized by persistent screaming. 
From that time the mother noticed a more rapid increase in the size of the head, 
and stiffness and progressive loss of use of the left arm and leg. The child was 
fretful and slept poorly. Nine weeks before admission the mother suddenly realized 
that the child had become blind. 

When examined on admission, the head was greatly enlarged its circumference 
measuring 66 cm. (normal average 48-5 cm.) and the anterior fontanelle was still 
patent. The fundi were not seen; the pupils were dilated, the right being the 
larger ; they reacted to light although the child appeared to be blind. There was 
a severe spastic left hemiparesis, with an increase of the tendon reflexes and an 
extensor plantar response on that side. The tendon reflexes of the right arm could 
not be obtained, but they were normally active in the right leg and the right plantar 
response was indefinite ; the abdominal reflexes were all present and equal. Mental 
development appeared normal. The child was healthy in other respects, and was 
not pyrexial. Lumbar puncture yielded a slightly turbid straw-coloured fluid under 
a pressure of 150 mm. containing no excess of white cells, but many red cells, and 
25 mg. per cent. of total protein. It gave a negative Wassermann reaction. The 
right lateral ventricle was tapped and a similar fluid was obtained under a pressure 
of 140 to 150 mm. Indigo carmine (6 c.c.) injected into this ventricle was not 
recovered by lumbar puncture either 6 minutes or 24 hours later. The child sub- 
sequently developed further screaming attacks, and died on December 14 after 
being unconscious for 24 hours. 

Summary of necropsy (P.M. 498. 1934).—Symmetrical expansion of skull (64 cm. 
circumference ; 45 cm. between external auditory meati), greatest in fronto-temporal 
regions. Considerable convolutional atrophy of vault (maximum thickness 0-15 cm.). 
Anterior fontanelle 6-5 cm. wide and up to 3 cm. antero-posteriorly. Expansion 
of sella turcica 2-7 cm. wide ; 0-4 cm. deep, and 1-2 cm. antero-posteriorly. Middle 
ears dry. Slight emphysema of lungs. Parenchymatous degeneration of liver and 
kidneys. Central softening of suprarenal bodies. Mucous catarrh of stomach and 
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of intestines. Congestion and oedema of spleen. Caries of milk teeth. A moderately 
developed child. 

Macroscopic examination of brain—There was conspicuous golden-brown pig- 
mentation of the leptomeninges over the ventral aspect of the cerebellum extending 
along its antero-lateral borders and over the vermis to the quadrigeminal plate. 
Similar diffuse pigmentation was also present over the olfactory tracts, mesial aspects 
of the temporal poles and to a less extent in the Sylvian fissures. A little purulent 
exudate was present over the antero-lateral borders of the cerebellum and about 
the optic chiasm. A little purulent exudate also occupied the thickened lepto- 
meninges over the brain-stem. The fourth ventricle and Sylvian aqueduct were 


Fic. 6.—Case 2. Diagrams to show relations of diverticulum to right lateral 
ventricle. 


moderately dilated, the latter measuring 0-35 by 0:2 cm. The third and lateral 
ventricles were greatly dilated, the foramina of Monro measuring 1-5 by 1-0 cm. 
on both sides. The septum pellucidum showed marked fenestration. There was 
diffuse orange pigmentation of the choroid plexuses. In the right lateral ventricle 
in the parieto-occipital region was a triangular orifice, measuring about 4 by 3 cm., 
which communicated with an extensive diverticulum forming a shallow compart- 
ment over its dorsal and lateral aspects (fig. 6). The diverticulum extended for- 
wards beneath the Rolandic fissure to within 1-3 cm. of the frontal pole and slightly 
overlapped the mesial aspect of the ventricle in the posterior frontal region. In the 
latter area it was subdivided into a few secondary diverticula by laminz of white 
matter. The diverticulum extended véntrally into the dorsal border of the lenti- 
cular nucleus, while at the coronal level of the Rolandic fissure an area of softening, 
about 0-5 cm. in diameter, was identified in the adjacent internal capsule. The 
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septum between the ventricle and the diverticulum was everywhere composed of 
white matter from 0-05 to 0-1 cm. thick. 

Microscopic examination.—The appearances differed only in degree from those 
in Case 1. Thus the leptomeninges were more intensely infiltrated with neutrophil 
leucocytes and with macrophages containing iron pigment. The destruction of 
neurones and gliosis of the cerebellar cortex at the summits of the folia were more 
conspicuous than in Case 1. Collections of foam cells were more numerous in the 
neuroglia lining the diverticulum: in a section through the basal ganglia to include 
the lower angle of the diverticulum these cells formed a conspicuous group sur- 
rounded by dense gliosis, corresponding to the area of softening observed macro- 
scopically in the internal capsule. Again, in Loyez preparations there was more 
evidence of the active stages of myelin destruction in the walls of the diverticulum 
than in Case 1. Similarly sections through the mid-brain and medulla oblongata 
showed a definite but less advanced degeneration of the right pyramidal tract, many 
foam-cells and globules of myelin being present. 


DiIscussIoN. 

In each of these cases hydrocephalus was self-evident, but the presence 
of hemiplegia proved to be a most misleading factor in diagnosis. In 
the first case the false diagnosis of a right occipital tumour was supported 
by the misinterpretation of the ventriculograms. In actual fact these gave 
an accurate rendering of the condition found at necropsy, for the air filled 
the diverticulum while the hinder part of the adjacent ventricle remained 
comparatively full of fluid. In the lateral projection the unexplained 
oblique shadow is the septum between the diverticulum and the ventricle. 
Greater significance should have been attached to the absence of any lateral 
displacement of mid-line structures when considering the possibility of a 
tumour. Even so, without previous experience of such a complication of 
hydrocephalus, a correct diagnosis would not have been made. 

The cause of the hydrocephalus in both instances was a chronic lepto- 
meningitis which, in the first case at any rate, was almost certainly due to 
hemorrhage from birth-trauma. In the second case, although the histo- 
logical appearances are similar, the ztiology is not so clear. The abundance 
of iron pigment within macrophages in the leptomeninges and in the 
astrocytes of the marginal glia in both cases strongly suggests that the 
meningitis resulted from diffuse hemorrhage. The histological appear- 
ances are similar to those in other examples of internal hydrocephalus 
which we have examined, in which birth-trauma was clearly responsible. 
The abundant exudation of neutrophil leucocytes into the leptomeninges in 
Case 2 is interpreted as an acute terminal inflammation, possibly due to the 
ventricular tap. The absence of any excess of white cells in the cerebro- 
spinal fluid at the first lumbar puncture supports this view. 

The pathogenesis of the diverticula is obscure although there can be little 
doubt that the increase of intraventricular pressure played an important 
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part. In the first case the child sustained an injury to the right side of 
the head when he was about three years old, at which time he was known to 
have a large head. It was shortly after this that he developed a symptom 
of possible lateralising value, namely, the tendency to hold any book or 
picture towards the right side, which was presumably due to difficulty in’ 
looking to the left. The injury was sufficient to raise a bruise in the scalp 
and may also have been responsible for a breach in the adjacent ependyma. 
In the second case the two attacks of “screaming ” were doubtless due to 
phases of acute internal hydrocephalus. It was after the second of these 
that hemiplegia developed, suggesting that the ependyma had given way 
before the pressure of the intraventricular fluid. Histologically, the stage 
of degeneration reached in the affected pyramidal tracts agrees with the 
clinical histories, being much less advanced in Case 2 than in Case 1, where 
the loss of myelin is complete. 

The observation of degeneration and gliosis of the cerebellar cortex at 
the summits of the folia is a side-issue which will not be discussed beyond 
stating that we have so far found no evidence that these changes are attri- 
butable to pressure alone ; it appears more likely that they are a result of 
chronic inflammation. Further investigation is needed to settle this point. 

We have been unable so far to find any records of closely comparable 
cases in the literature. But in his second lecture on “ Rest and Pain” 
Hilton describes, in an infant with internal hydrocephalus, the symmetrical 
division of each lateral ventricle into an upper and lower part “by an 
opaque structure (resembling its lining membrane), in which there was on 
each side an aperture of about a quarter of an inch in diameter.” He 
regarded this as either a new false membrane developed within the ventri- 
cular cavity, or as a formation such as we have described in this paper, but 
was inclined to the former explanation. We have ourselves seen an example 
of internal hydrocephalus in which bilateral diverticula symmetrically over- 
lapped the occipital horns and we therefore have little hesitation in con- 
cluding that Hilton’s case was similar. The vast bulk of publications deal- 
ing with hydrocephalus and the vague character of many of the titles, 
especially of the older papers, precludes us from claiming that our present 
cases are unique. Nevertheless, we feel justified in drawing attention to 
this unusual complication of hydrocephalus and to the peculiar ventriculo- 
graphic appearances arising therefrom which are probably characteristic 


of the condition. 
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THE ABNORMAL CORTICAL POTENTIALS ASSOCIATED WITH 
HIGH INTRACRANIAL PRESSURE." 


BY DENIS WILLIAMS 
(From the National Hospital, Queen Square, London.) 


WHEN studying the electro-encephalogram of patients who had mental 
symptoms associated with increased intracranial pressure Berger (1931) 
found abnormally slow alterations in the electrical potentials of the cortex. 
The patients had cerebral tumours, and he thought at that time that only 
neoplasms which had caused a sufficiently high intracranial pressure to 
alter consciousness would modify the electro-encephalogram. He used 
needle electrodes placed on the forehead and occiput and described waves 
of 5 to 7 a second which he said were due to slowing of the normal 8 to 12 
a second “alpha” waves. Walter (1937) found slower, three a second, 
waves over the whole cortex and observed that there seemed to be no 
correlation between the height of the cerebrospinal fluid pressure and the 
amount of abnormality in the cortical potentials. Abnormally slow changes 
in cortical potentials, similar to those seen in high intracranial pressure, 
have also been found in cases with discrete or diffuse cerebral lesions, in 
the psychoses, in epilepsy, during surgical anzsthesia, and in coma from 
other causes. These slow waves seem to occur in cortex which has been 
damaged but not destroyed. They are not specific for any pathological 
process, but are evidence of cortical abnormality and their presence is 
usually related to clinical signs of cerebral dysfunction. 

Clinical experience indicates that there may be little correlation between 
the height of abnormal intracranial pressure and its effect on the patient, 
for all states of consciousness from normal to profound coma are found in 
different subjects with similar abnormal levels of cerebrospinal fluid 
pressure. How high intracranial pressure causes such effects as nausea, 
headache, and somnolence is unknown, and the variability of its symptoms 
is unexplained. As its effect on the electro-encephalogram shows similar 


1 This investigation was carried out while holding a research grant at the National 
Hospital. Preliminary observations were made in the Ct ygeurres of Neurology of 
Harvard University in the Boston City Hospital while holding a Rockefeller 


Travelling Fellowship in Neurology. 
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variability an investigation of the mechanisms producing the electrical 
slow rhythms in cases with high intracranial pressure might elucidate 
the physiological changes causing unconsciousness and might explain the 
lack of correlation between the pressure and its effects. It is the purpose of 
this paper to describe such an investigation in man and to discuss the 


significance of the results obtained. 


METHODs. 


The subjects used were patients in the National Hospital, Queen Square, and 
in the Boston City Hospital. The records were obtained through the intact skull 
by means of electrodes placed on the scalp. For short investigations saline pads were 
used, and for experiments lasting over many hours small solder pledgets were fixed 
to the scalp with collodion, contact being made with zinc sulphate jelly. Three 
active electrodes were placed on the scalp with a reference electrode over the mastoid 
process on the ear. The electrodes and the method of placing have already been 
described. (Williams and Gibbs, 1939.) 

Three independent condensor-coupled amplifiers with a balanced input circuit 
in the pre-amplifier stage and ink-writing oscillographs were used. The systems 
were capable of undistorted recording of frequencies ranging from a half to seventy 
oscillations a second. I am grateful to A. M. Grass for their construction. The 
electrode placing, amplification and frequency characteristics were as far as possible 
similar in all the cases studied, and no change was made during the course of single 
experiments. 

The subjects, to whom the procedure had been explained, sat or lay comfortably 
with the eyes closed, and the clinical state and any changes produced by the experi- 
mental procedure were noted. Cerebrospinal fluid pressure was measured in the 
lumbar sac in all cases with the subject recumbent. Although this does not give 
an absolute reading of intracranial pressure in cases of cerebral tumours 
(Smyth and Henderson, 1938) the error is small enough to be of no significance in 
the present results. A 2 mm. manometer with extensions was attached to a Green- 
field needle and three-way tap, readings being taken shortly before or after the 
investigations. When the pressure was altered experimentally, the needle was 
left in situ and readings taken throughout the experiment. The clinical history 
was used to judge the duration of the high intracranial pressure. 

I am indebted to the physicians who allowed me to investigate their cases, and 
to the resident staffs for their co-operation. 


RESULTs. 


Material.—Forty-two subjects were used. The cerebrospinal fluid 
pressures ranged from 180 to 650 mm. of water. In nine cases with 
pressures over 300 mm. of water where an absolute reading had not been 
obtained, it was taken for statistical purposes as 300 mm. On this basis, 
the average pressure in the forty-two subjects was 320 mm. The distribu- 
tion of cases in pressure groups is shown in Table I. 

The duration of high intracranial pressure varied from thirty minutes 
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to approximately seven years, most of the patients having had headache, 
nausea, vomiting or ocular signs for one to twelve months. 
The causal lesions were as follows :— 


Supratentorial lesions: Fifteen gliomata, eight meningiomata, three 
other neoplasms, two abscesses, and one subdural hematoma. 

Infratentorial lesions: Eight tumours causing internal hydrocephalus. 

Diffuse lesions causing high pressure: One case each of Paget’s disease 
of the skull and otitic hydrocephalus, and three cases with high pressure 
without signs of local disease. 

TABLE I. 

Pressure (mm. H,0) | 200-300 | 300-400 | 300-400 | 400-500 | 500-600 600-700 





Number of cases | 15 14 4 
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The effect of high intracranial pressure upon consciousness cannot be 
expressed in exact terms, for not only is the degree of impairment of con- 
sciousness variable and difficult to assess, but there are many important 
contributory causes, such as the position, size and nature of the causal 
lesion. An attempt to correlate the degree of impairment of consciousness 
vith the cerebrospinal fluid pressure in this series of cases is shown in 
Table I. The state of consciousness has been arbitrarily divided under 
four headings, normal, obvious mental slowness or confusion, drowsiness, 
and deep coma. The cerebrospinal fluid pressure has been divided into 
groups of 100 mm. of water. 

It can be seen from this table that although very high pressures were 
associated with marked changes in consciousness there was a very wide 
variation in each pressure group. This lack of correlation between intra- 
cranial pressure and its effects is well illustrated by cases with high 


BRAIN—VOL, LXII. 22 





324 DENIS WILLIAMS 


intracranial venous pressure, caused by congestive heart failure, obstruction 
of the superior vena cava, and Ayerza’s disease (Ferris, 1939). In these 
cases very high intracranial pressure of long standing is usually unassociated 
with any of its usual concomitants—headache, nausea, vomiting, and 
changes in consciousness. 

It is impossible to compare the degree of abnormality in the electro- 
encephalogram in a group of subjects, for the frequency, amplitude and 
number of abnormal waves must be considered, and each of these factors 
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Fic. 1.—Tracings from electro-encephalograms obtained with paired leads from 
the frontal, parietal and parieto-occipital regions of the skull of two subjects. 

The upper is from a normal subject, a well-sustained rhythm of nine a second 
being present in the parietal and occipital leads. The lower is from a patient who 
had an internal hydrocephalus with a cerebrospinal fluid pressure of over 300 mm. 
of water. High voltage waves of one to two per second are present in all leads. They 
are most evident in the frontal region and have a superimposed rhythm of nine a 
second in the parieto-occipital leads. The slow waves have the same phase 


relationships in all leads. 


may vary independently (fig. 1). More accurate observations may be made 
by comparing changes in individual records as the pressurc is altered (fig. 2). 
A constant relationship between the height of pzessure and the degree of 
abnormality in cortical potentials was not found ‘ this series of cases. In 
general an increase in cerebrospinal fluid pressure was associated with some 
abnormality, which was most marked in subjects with very high pressure. 
Only three records in the series were considered normal. These were from 
patients with cerebrospinal fluid pressures of +10, 290 and 270 mm. of water. 
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Fic. 2.—The electroencephalogram of a subject with an intracranial pressure 
of 340 mm. of water, due to a posterior fossa tumour. The electrode placing and 
amplification were constant throughout. The top records were obtained immediately 
before an intravenous injection of 45 c.c. of 30 per cent. sodium chloride. Ten 
minutes later the pressure was 110 mm. of water, and twenty minutes after the 
injection it was 120 mm. There is almost complete disappearance of the abnormal 
slow potentials. These results are expressed numerically in fig. 4. 
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Fic. 3.—Records obtained under similar conditions from the parieto-occipital 
regions of two subjects. The upper, from a patient with an intracranial pressure of 
410 mm. of water, shows a well-sustained normal rhythm of nine to ten per second. 
The lower, from a subject whose intracranial pressure was 430 mm., shows a sustained 
frequency of one and a half per second, with a superimposed faster rhythm. 
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It is true that the criteria of normality are difficult to assess, but frequencies 
of less than four or five per second were usual in this series, and are 
exceptional in large groups of normal subjects. 

Fig. 3 shows the potentials taken under similar conditions from similar 
cortical areas in two different subjects. Both had an intracranial pressure 
of long standing between 400 and 450 mm. of water. While the lower 
record shows a well-sustained rhythm of 10 per second, the upper has a 
similar rhythm superimposed on a slower-sustained rhythm of 1 to 2 
per second. These slow waves constitute the characteristic abnorniaiity 
under discussion. 

Lastly, in comparing changes in consciousness with alterations in 
cortical potentials, abnormal slow potential changes were invariably found 
throughout the cortex in subjects with marked impairment of conscious- 
ness, but similar abnormalities were also seen in subjects appearing mentally 
normal. Increasing depth of coma appears to be associated with an increase 
in voltage of the slow waves, as noticed by Walter (1939). Although less 
than half the present cases showed any impairment of consciousness only 
three had normal cortical potentials. The other thirty-nine showed waves 
the size and periodicity of which were well outside the widest limits of the 
normal. Impairment of consciousness is therefore not essential, as Berger 
(1931) thought, to the occurrence of abnormal cortical frequencies with 
high intracranial pressure. 

The abnormal waves associated with high intracranial pressure have 
several constant features. They are widespread over the cortex, are 
extremely rhythmic and well-sustained, and are very slow, the more evident 
frequencies being two per second and less, in contrast to the abnormal 
waves around tumours, which are much more variable and are usually 
faster than this. Waves very similar to those seen in cases with high 
intracranial pressure are seen in the vicinity of cerebral abscesses, but they 
most closely resemble the slow rhythms of relatively low voltage seen in 
coma of all types. When high pressure is associated with coma the waves 
are indistinguishable from those seen in unconsciousness resulting from 
other causes. 

The voltage of the slow waves varies from zero to 100 microvolts, being 
usually about 50 microvolts, the amplitude being roughly associated with 
the clinical effects of pressure. They appear to increase in amplitude with 
little alteration in the normal dominant frequency, which may continue 
uninterrupted (fig. 3). Gibbs, Williams and Gibbs (1939) showed that slow- 
ing of all frequencies may result from experimental alteration in blood’ 
constituents. Although the exact method ‘of analysis of wave lengths 
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which they used was not available in this present work, it seemed that there 
was little slowing in normal frequencies in most cases with high pressure. 
The main abnormality was an increase in the voltage of the slower waves 


which if present in normal subjects are so small as to be completely masked 
by the faster frequencies. 


mmH.0 


onvanal 


© C.S.F Paessune 
o——e Lr. Occirour 


| Mm—=—* Lr. Frowrar 


% 10 30 40 50 


Fic. 4.—A graph showing the effect of 45 c.c. of 30 per cent. sodium chloride 
on the cerebrospinal fluid pressure and electroencephalogram of the subject whose 
record is illustrated in fig. 2. In this and succeeding figures the abscisse represent 
time in minutes and the ordinates the percentage of time in a given length of record 


occupied by abnormally slow waves of cortical potential, with cerebrospinal fluid 
pressure in mm. H,O. 


The slow potential changes show a constant pattern throughout the 
cortex. With similar records from four points on each hemisphere, using 
paired electrodes in linear arrangement, their phases are simultaneous and 
of like sign, all points on the cortex becoming ‘positive or negative simul- 
taneously. The absence of any evidence of spread from one part of the 
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cortex to another suggests a central oscillating mechanism, propagating 
the disturbance uniformly to the surface of the hemispheres. 


EXPERIMENTAL MobpiFIcAaTION OF CEREBROSPINAL FLUID PRESSURE 


In a series of experiments on selected cases the cerebrospinal fluid 
pressure was lowered by means of intravenous injections of hypertonic 
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Fic. 5.—The effect of intravenous injection of 50 c.c. of 50 per cent. glucose on 
the cerebrospinal fluid pressure and electroencephalogram of a patient with otitic 
hydrocephalus and an initial pores of 550 mm. of water. Records were obtained 
from the frontal and occipital regions of the same side of the skull. The cerebro- 
spinal fluid was finally removed by drainage as a therapeutic measure. 


solutions—glucose, sucrose, and sodium chloride—and by simple removal 
of cerebrospinal fluid. In one subject with otitic hydrocephalus treatment 
involved repeated drainage of cerebrospinal fluid. A series of different 
experiments were therefore carried out in this subject. 
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Fig. 2 shows the effect of intravenous injection of 45 c.c. of 30 per cent. 
NaCl on the cortical potentials of a patient with an initial cerebrospinal 
fluid pressure of 340 mm. of water. It will be seen from the complexity of 
the record that the comparison of subjects would necessarily involve much 
subjective interpretation of the data. To overcome this difficulty numerical 
indices of normality and abnormality have been used hy other workers. 
Dietsch (1932) carried out a true Fourier transform, and Hoagland (1937) 
expressed the size and number of abnormal slow waves in an index, the 


Fic. 6.—The effect of lumbar drainage of cerebrospinal fluid upon the electro- 
encephalogram from the parieto-occipital region of a patient with otitic hydro- 
cephalus. A continuous record was obtained for an hour, and samples were then 
taken three, six, nine and twenty-four hours afterwards. 


“ delta index.” The most accurate and practical method is that of Gibbs 
and Grass (1938) who plotted frequency against energy, using an electric 
frequency analyser. For the present study a simple and adequate index 
of abnormality is the proportion of time occupied by frequencies of three 
a second and less in a known length of record. This index is obviously 
crude and does not consider amplitude, but comparison with detailed exam- 
ination of the records shows that it is adequate for the present purpose, 
and it enables the changes to be plotted against cerebrospinal fluid pressure 
(fig. 4). The method was standard in all cases. 

An intravenous injection of 30 to 50 c.c. of 50 per cent. glucose in normal 
saline was given in seven cases with supratentorial tumours, obstructive 
hydrocephalus and toxic hydrocephalus. The cortical potentials became 
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practically normal in all cases within ten minutes of completing the 
injection (fig. 5). Injection of 50 per cent. sucrose gave a result similar to 
that obtained with glucose. The responses to intravenous injections of 
50 c.c. of 50 per cent. glucose and to 40 c.c. of 30 per cent. NaCl in four 
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Fic. 7.—The effect of intravenous injection of 50 c.c. of 50 per cent. glucose on 
the cerebrospinal fluid pressure and the electroencephalogram of a subject with a 
large infiltrating glioma of the right frontal lobe. There is no change in the cerebro- 
spinal fluid pressure for twenty minutes after the injection. There is then a rise 
from 400 to 600 mm. of water. The alteration in the electroencephalogram from 
both hemispheres bears no relationship to the change in intracranial pressure, but 
the curve is similar to that seen in figs. 4 and 5. 


similar cases were identical, except that NaCl was more rapid in its effect 
(figs. 4 and 5). Removal of cerebrospinal fluid by drainage was without 
effect in three experiments on two cases, during the period immediately 
after removal and for periods up to three days afterwards (fig. 6). 
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There was no relationship between the alteration in the electro- 
encephalogram and the concomitant fall in cerebrospinal fluid pressure. 
One subject with a large right frontal glioma had generalized abnormal 
waves with a pressure of 390 mm. Intravenous injection of 50 c.c. of 50 per 
cent. glucose did not alter the intracranial pressure, but reduced the time in 
the record occupied by abnormal cortical potentials to less than half, within 
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Fic. 8.—The effect of intravenous injections of 20 c.c. of 30 per cent. sodium 
chloride on the abnormal electroencephalogram of a subject with otitic hydro- 
cephalus, in the absence of any significant change in the cerebrospinal fluid pressure. 
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ten minutes (fig. 7). Twenty minutes after the injection of glucose there 
was a rapid reaction causing the cerebrospinal fluid pressure to rise to 
600 mm. of water. The record remained in its improved state, but thirty 
minutes after the injection when the effect of the hypertonic glucose was 
decreasing the pressure began to fall and the abnormal potentials began 


to reappear. 
In two normal subjects the cerebrospinal fluid pressure was maintained 
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for thirty minutes in the region of 500 mm. of water by means of a 
sphygmomanometer cuff placed around the neck with two pads over the 
jugular veins. A pressure of 30 mm. of mercury was used, with no dis- 
comfort to the patients. There was no change in the electro-encephalogram. 

Two subjects with normal cerebrospinal fluid pressures and 
normal cortical potentials were given a subcutaneous injection of 
Y% cc. of pitressin. During the next three hours six pints of 
fluid were taken. In ome case the cerebrospinal fluid pressure 
rose from 70 to 190 mm. of water, diuresis occurring after nine 
hours, and in the other it rose from 120 to 280 mm. with diuresis 
after seven hours. An abnormal pressure was therefore maintained for 
over six hours in each case. Electro-encephalograms repeated at intervals 
for twenty-four hours before and after the rise in cerebrospinal fluid 
pressure did not show any significant alteration. 

Two cases had had high intracranial pressure many years previously. 
The pressure had been relieved by surgical decompression, and there had 
been no evidence of abnormal pressure for five and twelve years. In both 
these cases there had been no supratentorial lesion, and the decompression 
openings were soft and flat. Clinically the only sequel to the longstanding 
high pressure was consecutive optic atrophy. Both subjects showed 
abnormal, slow potentials over the hemispheres. Thus, although it has 
been shown experimentally that the mechanism causing slow waves is 
reversible, it may remain irreversible in some conditions. 


Discussion. 


These results show that the slow waves of cortical potential associated 
with abnormally high intracranial pressure are not directly due to the 
pressure. They are modified by intravenous injection of hypertonic solu- 
tions in the absence of any pressure change, so that they must depend 
primarily on an alteration in water balance or ionic concentrations in the 
tissues. Widely different molecules in hypertonic solutions gave similar 
results, so that the change causing slow potentials with high cerebrospinal 
fluid pressure must be an abnormal water retention, that is oedema, and not 
a disturbance of specific ions. : 

The potentials originate in the neighbourhood of cortical cells (Dusser 
de Barenne and McCullough, 1936), but they may be modified by changes 
remote from the cell bodies, for Bishop (1936) produced similar slow waves 
from normal cortex by section of the underlying white matter. The change 
in water balance producing the slow rhythms with high cerebrospinal 
fluid pressure, therefore, may be either in the grey matter or in the under- 
lying fibre masses. Jaburek (1935) and, later, Greenfield (1939) found that 
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an oedematous change confined to the white matter occurs in association 
with cerebral tumours. The areas of oedema show secondary neuronal 
changes and may extend to some distance from the tumour. 

Stewart-Wallace (1939) has determined the sodium, potassium, chloride 
and water content of the grey and white matter in conditions in which 
general or local cerebral oedema is present. He finds that cedema is almost 
entirely confined to white matter. Circumscribed deep tumours without 
high intracranial pressure or change in consciousness cause low voltage 
slow waves in the overlying cortex. As these slow potential waves arise 
from the cortex as a result of damage to white matter it is probable that 
the changes in the electro-encephalogram seen with high intracranial pres- 
sure are due to alterations in the water content of the white matter and not 
of the cortex itself. Further evidence in support of this is the unpublished 
observation of Greenfield (1939) that areas of demyelination, similar to 
those which he has described around tumours, occur in cases of uncom- 
plicated internal hydrocephalus. The results of an investigation into the 
water content of the white matter in these cases will be of extreme interest. 

In the present experiments, the duration of high cerebrospinal fluid 
pressure following pitressin may not have been adequate to produce the 
slow potential changes. The water retention resulting from injection of 
the pituitary extract is, however, always extra-cellular. The abnormal 
rhythms produced by high pressure may be due to oedema within the sub- 
stance of the cell processes. If this were so, the negative results of high 
cerebrospinal fluid pressure following water retention with pitressin would 
then be explained. 

This negative result after seven hours of high intracranial pressure has 
further importance, for it excludes cerebral anoxia and cerebral anemia, 
which have been evoked to explain the effects of high intracranial pressure. 
Lenox, Gibbs and Gibbs (1938) have shown that the effects of cerebral 
anoxia on cortical potentials occur extremely rapidly below a critical 
threshold, above which the potentials remain normal. Further, Williams 
and Lennox (1939) have shown that high intracranial pressure is not 
associated with changes in total cerebral blood flow, so that circulatory 
changes can be excluded. 

Griffiths, Nevin and Walter (1939) found generalized abnormally slow 
potential changes in a patient who had a tumour of the hypothalamus, and 
who was in deep coma. The cortex and underlying white matter were 
normal, so that the abnormally slow waves may have been produced by 
damage to secondary neurones. This raises the possibility that a state of 
abnormal cortical activity may be maintained by trans-synaptic conduction 
of a remote disturbance. The physiological interruption of cerebral path- 
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ways resulting from oedema of white matter might, therefore, cause the 
widespread physical change described in this paper. Such alterations in the 
normal electrical activity of the cerebral cortex are the usual accompani- 
ments of coma, and are probably a manifestation of the underlying cause 
of the changes in consciousness resulting from uncomplicated high cerebro- 
spinal fluid pressure. It would then be unnecessary to evoke such compli- 
cated mechanisms as medullary, mesencephalic, or hypothalamic distortion 
or ischemia by pressure cones as causes for the changes in behaviour 
resulting from high intracranial pressure. 


SUMMARY. 


The changes in cortical electric potentials in patients with abnormally 
high intracranial pressure have been studied in relation to the clinical state 
and the height and duration of the abnormal pressure. There was little 
correlation between the pressure and its effects on the state of consciousness 
of the subject and on the changes seen in the electroencephalogram. 

Experimental modification of cerebrospinal fluid pressure showed that 
the abnormal waves of electrical potential were due to secondary osmotic 
changes in the cerebral tissues. Evidence has been produced that this 
change is probably an cedema of the nerve fibres in the white matter of 


the hemispheres. 
The underlying mechanisms causing the changes in cortical electrical 


activity and in consciousness have been discussed. 
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Notices oF RECENT PUBLICATIONS. 


The Organism. By Kurr Gotpstein. New York: American Book Com. 
pany. 1939. Pp. 533. Price 4 dollars. 


This work first appeared in German in 1934, and the present book purports to be 
an English translation thereof. The nature of the problems discussed and the 
qualities of the exposition would have made translation a task of extreme difficulty 
even for one whose native tongue was English. The recurrence in the book of 
words that are not known in English (such, for example, as “ valence,” “ innerness,” 
“ pregnanz,” “motoric,” “envision,” and the like) as well as the prevalence of 
German linguistic constructions suggest that the translator is himself not at home 


in our language. 
Goldstein seeks to apply the doctrine of Holism to the study of the living 


organism, and being a neurologist he has not unnaturally chosen the nervous 
system to exemplify and illustrate his theme. The nervous system, which he speaks 
of as a network, functions always as a whole and never in part. Even the simplest 
“ performance ” of the organism demands this comprehensive activity. Underlying 
the “ performance” is the “foreground process” in the nervous system, and asso- 


ciated with this is a “ background process” consisting in an adjusted reaction of 
the rest of the nervous system not actually engaged in the foreground process. 

This doctrine is not wholly unfamiliar and in principle is valid enough, though 
at times it leads the author to overstatement, as when he says that “ each movement 
of one part of the body is accompanied by a definite change in the posture of the 
rest of the body.” It would be easy to cite examples in which, whatever the 
activity within the nervous system, a simple movement has not this extensive result, 
e.g. in that familiar communicating gesture of the eyelid known as a “ wink.” 

The prime end of the organism is said to be “ to come to terms with the environ- 
ment,” and to this end structure and function combine: thus “the structure of any 
organism is such that it makes possible performances which are the fulfilments of 
the requirements of its environment,” a statement that is readily seen to be a 
petitio principii, a form of logical fallacy of which other examples are to be found 
in the book. 

The author postulates certain laws of “ disintegration” of function resulting 
from cortical lesions, that will interest those familiar with Jackson’s doctrine of 
dissolution of function within the nervous system to which they bear certain 
resemblances, though Goldstein has not penetrated so deeply into this problem as 
his predecessor. Thus, he states that: (i) in a specific field of performance (e.g. 
visual, motor) a single performance never drops out alone, all performances in the 
field are affected ; (ii) a single performance does not drop out completely. Some 
individual performances persist ; (ii7) in all performances the modifications affected 
by disease obey the same laws. These modifications are spoken of in general as 
“ change in behaviour ”; (iv) isolated movements are more affected than integrated 
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movements, complex movements more than simple movements ; (v) the organism 
tends to optimal performance, and when damaged achieves this by “functional 
shift” and by substitute performance ; (vi) the behaviour of the intact organism 
is “ordered”: that is, constant, consistent and adequate, that of the damaged 
organism is “catastrophic,” that is, inconsistent, inconstant and inadequate and 
“embedded in physical and mental shock”; (vii) the damaged organism has a 
restricted environment and seeks to avoid catastrophic reactions by maintaining a 
“ primitive order” within this. It does this by incessant simple activities of a kind 
within its now limited capacity. 

The author then proceeds to a vigorous attack on what he calls 
This includes an objection even to the term “ reflex action,” though how the sub- 
stitution of “ performance ” for this achieves an advance in knowledge is not easy to 
discern. He objects, also, to the methods by which in experimental animals the 
reflex action has been studied, though elsewhere he has to admit that it is only by 
this scientific, analytic “ anatomizing” method that knowledge can be gleaned, 
since the naive inspection of performances is inadequate. He objects, too, to the 
physiologists’ preoccupation with the lower animals, though in refuting the “ useless 
concept” of inhibition he does not hesitate to cite some experiments of Bethe on 
annelids. 

Much of his criticism of the physiology of reflex action appears based upon 
imperfect acquaintance. Thus, he protests that reciprocal innervation cannot apply 
to voluntary movement, but appears unaware that it has never been supposed to do 
so, and that the notion of double reciprocal innervation has already disposed of 
what there is of substance in his objection. This crude misrepresentation of reci- 
procal innervation seems to have as many lives as a cat, and is constantly appearing 
in clinical neurological literature, though it is an error that could not survive any 
serious study of Sherrington’s work, particularly of his paper entitled “ Reflex 
Inhibition as a Factor in the Co-ordination of Movements and Postures.” (Quart. 
Journ. Physiol., 1913, 6, 251.) 

In fact, the “reflexology” of the author is something other than the reader 
of Sherrington’s Rede Lecture understands: it is largely a figment of the author’s 
mind. Thus, he supposes it to regard the organism as “a bundle of isolable 
mechanisms ” and the life of the organism as simply the sum of these “ disparate 
mechanisms ” wholly lacking in that regulation and direction we know the organism 
to possess, 

Yet in J. S. Haldane’s Silliman Lecture in 1915, entitled “ Organism and Environ- 
ment as illustrated by the Physiology of Breathing,” we have a penetrating exposi- 
tion of Holism—though not so named—close upon a quarter of a century old, an 
exposition which, as its author clearly showed, in no way involves an abandonment 
of the notion of reflex action. 

In rejecting both the doctrines and the precise nomenclature of physiology the 
author has had perforce to deal with his problem in intellectual isolation, and by 
the use of clumsy ad hoc locutions. He has burdened his exposition with highly 
equivocal terms; thus in a single paragraph the word “perception” appears as 
meaning both the act of perceiving and the thing perceived. We may not speak 
of “ facilitation,” but of the “ tuning of the substratum gained through experience,” 
which is pure allegory. The vocabulary of scholastic philosophy is drawn upon and . 
we read that the tasks of the organism are determined by its “ essence ” which “ is 
brought into actualization through the environn ~**! changes that act upon it.” 


‘ reflexology.” 
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essence” and 


Nor can it be said that these strange medizval figures, “ being, 
“nature” impart clarity to the sentences in which they appear so incongruously. 

Since Jackson’s time we have had no broad generalizations in the field of clinical 
neurology, and the many additions to our information in the last century call for 
generalization and synthesis. Here and there in his pages the author gives indica- 
tions that he has valuable notions to impart, but an attempt at synthesis that 
rejects the physiology of reflex action, a body of knowledge so firmly and so precisely 
founded, and ignores those notions of cortical localization and of dissolution of 
function given us by Jackson cannot hope for success, and, in fact—for all its 
interest—this book represents a synthesis “ manqué.” 


Annual Review of Physiology. Edited by J. M. Luck and V. E. Hatt. 
Vol. I. Published by the American Physiological Society and Annual 
Reviews Inc., Stanfard University, P.O., Cal. 1939. Pp. 705. Price 
5 dollars. 


This, the first of an intended annual series, sets out to give a comprehensive 
review of the year’s research in physiology. The general method is critical rather 
than that of a simple précis. 

The whole field of physiology is covered, and the articles of special interest to 
the neurologist are those dealing with “The Spinal Cord and Reflex Action” by 
J. C. Eccles, “ Electrical Phenomena of the Brain and Spinal Cord” by Hallowell 
Davis, and “ Bioelectric Studies of the Excitation and Response of Nerve” by 
Bronk and Brink. 

All three articles are devoted to electro-physiology, and although the clinical 
neurologist will wish to keep abreast with advances in this very special field, and 
will hope in time to receive practical assistance from them, he will view with mixed 
feelings this gradual recession of neurophysiology towards pure physics, and while 
he may console himself that biology is thus approaching fundamentals he may 
well wish that it was a little less remote from the world in which he has to live 
and labour. 


A Textbook of Clinical Neurology. By I. S. Wecuster. Fourth Edition, 
revised. London: W. B. Saunders Company. 1939. Pp. 844 
Price 32s. 6d. 


That a fourth edition should be called for indicates the value of this straight- 
forward account of clinical neurology. As in previous editions, the emphasis is 
upon the clinical approach, and student and practitioner will find the book a 
reasonably comprehensive and a reliable statement. The author has been successful 
in bringing it up to date without increasing its bulk. 


Science in Progress. Edited by G. A. Barrsett. New Haven: Yale 
University Press. 1939. Pp. 322. Price 18s. 


This volume of essays is published by the “Society of the Sigma XI,” which 
organized the series of addresses from which the present essays have been amplified. 
They summarize recent research in many and diverse fields of scientific knowledge. 
from physics to physiology. 
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They vary somewhat in style, some of them being only intelligible to specialists 
in the fields concerned, but several of them are written in a simple and graphic 
style that allows the ordinary reader to follow them. Such are the essays on the 
viruses, on vitamins and hormones, on chromosome structure, on electrical potentials 
in the brain, and on metabolism. 

To all who wish to know what is being done in other branches of science than 
their own these essays will provide interesting and informative reading. 


Psychotherapy: Scientific and Religious. By Marcus Grecory, with an 
introduction by Dr. William Brown. London: Macmillan and Co. 
1939. Pp. 484. Price 21s. 


In his introduction Dr. William Brown warmly recommends this book as a 
“sound and reliable textbook” of a subject “ within the domain of medical prac- 
tice’: surely an odd introduction to a work written by a non-medical writer who 
cannot possibly deal with those problems of diagnosis that are as essential a 
condition of rational psychotherapy as of the treatment of physical illness. Yet 
this disability has no difficulties for the author, who states (p. 272): “It is said, 
for instance, that whereas psychological treatment may be of value in cases of 
functional disease, it could be of no use where there is organic derangement. But 
this is untenable, because the distinction between functional and organic disease 
cannot be carried any distance. Actually, of all the diseases (sic) with which psycho- 
therapists are expected to deal, those connected with the nerves are the most intract- 
able.” It would be difficult to cram more error and confusion of thought into one 
statement than this contains. Yet it serves its author’s purpose in that it sweeps 
airily away the distinctions between physically and psychologically determined ill- 
health, makes diagnosis quite superfluous, and thus engagingly opens the entire field 
of healing to the lay psychotherapist. The author’s pages abound in aphorisms 
culled from other works on psychological healing, and of the more unmeaning of 
these we may instance two: thus, “health has to do with a right insight, so far 
as it goes, into the truth of existence ” and again “as error is a falling away from 
truth, so disease is a falling away from health.” It is surely clear that whether, 
in these verbal exercises, we seek to find religious, philosophical or medical truth, we 
shall come away unsatisfied. 

In short, the reader is forced to ask himself of this book “why was it written 
and for whom ?” Neither sponsor nor author provides an answer. It can be of 
no value to the doctor, and it would be disastrous if its study led the lay reader 
to think himself fit to embark upon psychotherapy, for in the hands of the lay 
psychotherapist thus tutored we could look for no more than a perilous cult of 
treatment without diagnosis. 


Experimental Psychology. By Rosert S. Woopwortu. London: Methuen. 
1939. Pp. 889. Price 18s. 


Those who are not themselves professional psychologists are apt to think of 
psychology as a blend of metaphysics, sensory physiology, the investigation and 
treatment of neuroses, and other limited or unsatisfactory studies. Much of this 
confusion arises from ignorance of the solid progress made in experimental or 
quantitative psychology, and much also from the readiness of those mainly con- 
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cerned with applied psychology to depreciate scientific work in the subject as 
academic and sterile. An authoritative account of the methods and achievements 
of experimental psychology is therefore very welcome. Professcr Woodworth, who 
has rare and indisputable qualifications for the task, has produced a most valuable 
compendium. He has deliberately excluded the whole field of individual differences 
and correlations, which can be found well enough in many other books, as well as 
social, genetic, educational, abnormal and applied psychology—branches still largely 
in the pre-scientific stage. The presentation is factual, with critical comments, and 
a fair statement of the present position in regard to problems of emotion, memory, 
perception, learning, reaction time, thinking, and other main divisions of the theme. 
Although the material has been in process of collection since 1910, Professor Wood- 
worth has succeeded in including recent work from various countries (e.g. Zangwill’s 
studies of the last three years at Cambridge find mention). A full biography and 
index make reference easy. 


Die Gesetze des normalen Trdumens. von K. Leonnarp, M.D. Leipzig : 
Thieme. 1939. Pp. 124. Price Rm. 5.40. 


From study of the records of his own dreams during several years the author 
has sought to discover regularly occurring relationships or “laws.” He refuses to 
consider any of the psycho-analytic views, explaining that these are due to an 
“alien racial soul.” It is regrettable that he has, presumably for like reasons, denied 
himself any acquaintance, either with the large non-psycho-analytical literature on 
dreams written in languages other than German. The monograph, which contains 
nothing new, deals first with various aspects of dreams, especially their connection 
with waking experience, a section on hypnagogic phenomena and those of waking 
up and fatigue follows, and there is a final, rather barren chapter on the theory of 


dreams, 





Psychopathic States. By D. K. Henperson, M.D. London: Chapman 
and Hall. 1939. Pp. 178. Price 8s. 6d. 


This series of lectures, delivered to commemorate the American psychiatrist 
Thomas W. Salmon, represents an essay in social medicine almost more than in 
psychiatry, a homily rather than a disquisition. Without attempting to classify 
the forms of maladjusted personality commonly grouped as psychopathic, Professor 
Henderson describes a number of illustrative cases, and emphasizes the connection 
between constitutional factors and treatment. He takes the field against one-sided 
psychological interpretations and ignorant optimism, but holds that with a well- 
planned biological approach to the problem of treatment valuable results can be 
attained in the social rehabilitation of these psychopaths. The lectures are lucid 
and balanced, with a solid foundation in experience. 


Clinical Studies in Psychopathology. By H. V. Dicxs, M.D. London: 
Edward Arnold. 1939. Pp. 248. Price 12s. 6d. 


The material of this book was originally given as a series of lectures at the 
Tavistock Clinic, of which the author is Assistant Medical Director. There are ten 
chapters dealing with neuroses, sexual perversions, and drug addictions: except for 
a note dealing with the last of these, treatment is not directly considered. Although 
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the writer emphasizes that his approach is eclectic, his acceptance of the Freudian 
system is so thorough-going and the few divergences so trifling that this book is in 
effect an exposition of the more extreme psycho-analytic views. Freudians will detect 
unintentional departures from their orthodoxy, inevitable in one who has not received 
their training ; but to others the almost universal discovery in the cases recorded 
of very bizarre fantasies concerned with the sexual organs of both sexes will be 
reminiscent of the more florid psycho-analytical writings, and perhaps also un- 
convincing, if not wearisome. Any appraisal of the tenets here expounded would 
be almost entirely dependent on one’s acceptance or rejection of the Freudian 
system. Dr. Dicks sets out his views clearly and well ; his limitations are evident 
in some incidental references to other forms of mental illness than neurosis or sexual 
perversion, and in the general chapter which concludes the book ; this is a slightly 
defensive plea for psychological monism, containing the startling claim that “ it is 
probably true to say that the art of clinical observation and recording stands higher 
to-day among psychopathologists than in any other speciality of medicine where 
instruments are more and more tending to replace the human element. It is pro- 
bably also true that we are on the whole more aware of the framework of reference 
into which our work fits within the general body of medical knowledge and investi- 


gation than our ‘ organic’ brethren.” 
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